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REMARKS 

In accordance with the foregoing, a substitute specification and replacement abstract are 
provided. FIGs. 1-10. 14-15. 16A-16B. 18-19. 22. and 23A-23G and claims 1-29 are amended 
without nan^owing the claims. 

No new matter is presented, and accordingly approval and entry of the substitute 
specification, replacement abstract, and the amended clams and drawings are respectfully 
requested. Claims 1-29 are pending and under consideration. 

CLAIM AMENDMENTS 

Claims 1-29 are amended herein to correct fonmalities. None of the amendments of 
claims 1-29 nanrows the scope of the claims within the meaning of Festo Corp, v. Shoketsu 
Kinszoku Koqvo Kabushiki Co,, Ltd (SUPREME COURT RULING, July 12, 2002). 

ITEM 4: OBJECTION TO THE DRAWINGS 

The Examiner objects to the drawings contending they fail to comply with 37 CFR 
1.84(p)(4) and giving a example that reference characters "1" and "1a" have both been used to 
designate a "control system." (Action at page 2). 

FIGs. 1-10. 14-15, 16A-16B. 18-19. 22. and 23A-23G are amended herein. 

Applicants respectfully submit that the reference characters of all the drawings 
correspond with the specification and all the drawings comply with 37 CFR 1.84 and request 
withdrawal of the objection. 

ITEMS 5-7: OBJECTION TO THE SPECIFICATION (ABSTRACT) 

The Examiner objects to the Abstract contending the abstract "appears to be 
inappropriate to the claimed language." (Action at page 3). 

A replacement abstract is provided herein and withdrawal of the objection is requested. 

ITEM 8: CLAIM OBJECTIONS 

The Examiner objects to informalities in claims 1-2. as an example, contending that: 

(c)laims 1 -2, includes "A control system (1 )" and "A control system (1 a)" which is not 
consist (sic) with the dependent claim. 

(Action at page 4). 

Claims 1-29 are amended herein and appropriate corrections made as suggested by the 
Examiner, and Applicants request withdrawal of the objection. 

ITEM 9: REJECTION OF CLAIM 1-29 UNDER 35 U.S.C. §112, FIRST PARAGRAPH 

The Examiner rejects claims 1-29 under 35 U.S.C. §112, first paragraph contending the 

claims: 

fail to comply with the enablement requirement. . . For example claims 1-2. 
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includes "A control system (1)" and "A control system (1a)" which is not consistent 
with the dependent claim." 

(Action at page 5). 

Applicants submit that the Examiner has not made a prima facie case of lack of 

enablement as required. As set forth in MPEP §2164.04: 

(i)n order to make a rejection, the examiner has the initial burden to establish a 
reasonable basis to question the enablement provided for the claimed invention. In 
re Wright, 999 F.2d 1557, 1562. 27 USPQ2d 1510, 1513 (Fed. Cir. 1993). 

Further, claims 1-29 are amended, as described previously, making appropriate connections as 

suggested by the Examiner. Applicants submit that clams 1-29 comply with 35 U.S.C. §112, 

first paragraph and request the rejection be withdrawn. 

ITEM 10: REJECTION OF CLAIM 1-29 UNDER 35 U.S.C. §112, SECOND PARAGRAPH 

The Examiner rejects claims 1-29 under 35 U.S.C. §112, second paragraph, contending 
the claims are indefinite. (Action at page 5). 

The Examiner rejects claims 1-3. as an example, under 35 U.S.C. §112. second 
paragraph, contending the claims are incomplete since different reference numbers are used, 
for example, control system (1), control system (1 a), control system (1c). (Action at pages 5-6). 

Claims 1-29 are amended as described previously making appropriate connections as 
suggested by the Examiner. Applicants submit that clams 1-29 comply with 35 U.S.C. §112, 
second paragraph and request the rejection be withdrawn. 

CONCLUSION 

There being no further outstanding objections or rejections, it is submitted that the 
application is in condition for allowance. An eariy action to that effect is courteously solicited. 

Finally, if there are any formal matters remaining after this response, the Examiner is 
requested to telephone the undersigned to attend to these matters. 

If there are any additional fees associated with filing of this Amendment, please charge 
the same to our Deposit Account No. 19-3935. 



Respectfully submitted. 



STAAS & HALSEY LLP 




^aul W. Bobowiec 
Registration No. 47.431 
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Washington. D.C. 20005 
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MARKED SUBSTITUTE SPECIFICATION 

CONTROL SYSTEM, DISPLAY DEVICE, CONTROL-USE HOST COMPUTER. AND DATA 

TRANSMISSION METHOD 

TECHNICAL FIELD 

[0001] The present invention relates to (i) a control system that has a plurality of control devices 
each of which i s compos e d of includes a method of control m e ans ( e,q., control unit) such as a 
programmable logic controller (hereinafter referred to as PLC) and a display device displaying a 
control state of the method of control-meafls, and that enables transmission between the control 
m e ans method , (ii) a display device as d i splay m e ans for the control system, (iii) a control-use 
host computer suitably used in a control system, and (iv) a data transmission method regarding 
data transmission between a first data processing device having its own communication 
protocol specialized for itself like the foregoing control unit and a second data processing device 
having a common communication protocol like a personal-computer-applied device. 

BACKGROUND OF THE INVENTION ART 

[0002] In a conventional control system li k e th e for e go i ng typ e, generally, a PLC is placed at the 
center of control, and a plurality of PLCs and host computers are connected via predetermined 
interface circuits directly or indirectly via dedicated adapters, so that transmission of control data 
between the PLCs as well as between the PLCs and the host computers is carried out with use 
of communication functions of the PLCs. 

[0003] However, developed from a sequencer utilizing a relay, a PLC funct i ons best performs in 
operations related with input/output control, such as an ON/OFF control of a switch and an 
operation of taking in data from a sensor, and use of a PLC as a center of data communication 
will overload the PLC^ even though i^ such use Is possible. 

[0004] Furthermore, a-data communication time becomes excessively long, for instance, upon 
an_initial setting before control when more data transmission is required^ as compared with 
during control. In the-a^case where a personal computer is directly connected to a display 
device of a PLC to shorten the data communication time, connection change becomes 
extremely bothersome. 

[0005] The following description will explain a typical conventional control device, while referring 



1 



to Figure 24 that is a block diagram schematically illustrating an arrangement of the same. A 
plurality of PLCs (three PLCs in the case of Figure 24), that is, PLCs 501a, 501 fi, and 501 y are 
equipped with their dedicated display devices 502a, 502(i, and 502y, respectively, and are 
connected with a host computer 504 via a network circuit 503. In response to a control output of 
the host computer 504, the PLCs 501a, 501 p. and 501 y control one or a plurality of apparatuses 
to be controlled (not shown), receive states of the control-target apparatuses from sensors not 
shown, and cause the display devices 502a, 502p. and 502y to display the states. 

[0006] The foregoing PLC 501a. 501 p, and 501 y may use different protocols, as indicated with 
the reference codes of a. p, and y in Figure 24. depending on respective manufacturers thereof, 
or in some cases, from one PLC to another PLC even though made of the same manufacturer. 
Therefore, the host computer 504 conducts communication with the PLCs 501a. 501 p, and 
501 Y via the network circuit 503 according to protocols a, p, and y, respectively. 

[0007] Therefore, the display devices 502a, 502p. and 502y are connected with the 
corresponding PLCs 501a. 501 p, and 501 y via connection cables 505a. 505p, and 505y. 
respectively. The display devices 502a, 502p, and 502y synthesize data expressing control 
states transmitted according to the foregoing protocols a, p. and y. respectively, with characters 
and image data installed beforehand, so as to produce display screens and execute display. 
More specifically, for example, changeable data such as data expressing the foregoing control 
states are synthesized with a fixed screen display in which names of the foregoing'apparatuses 
to be controlled are added to a background illustrating a manufacturing line, and a resultant 
screen display is displayed. 

[0008] Therefore, the foregoing display screen is changed upon a change of products being 
produced or a producing method, and also it is changed out upon occurrence of an 
inconvenience. 

[0009] As described above, the foregoing PLCs 501a. 501 p, and 501y have originally been 
developed from control-use sequencers using relays, and they excel in ON/OFF control of 
switches and functions as input/output circuits for taking in data from sensors, whereas they are 
inferior in data communication functions. Therefore, they are capable of transmitting data like 
data expressing control states of the apparatuses to be controlled to the display devices 502a, 
502P, and 502y. but they are not suitable for transmission of enonmous data such as character 
and image data. 
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[0010] Therefore, conventionally, upon changes of the display screen, a personal computer 506 
storing the character and image data is taken into the manufacturing site, and the display 
devices 502a, 502p. and 502y set in walls or manufacturing machines are taken out. After the 
PLCs 501 a, 501 p, and 501 y are turned into a offline state, disconnected to the network circuit 
503, the connection cables 505a, 505p, and 505y connecting the display devices 502a, 502p, 
and 502y with the PLCs 501a. 501(3, and 501 y are disconnected from the display, devices 502a, 
502p, and 502y (indicated by an arrow code 0 as to the connection cable 505a). Thereafter, a 
connection cable 507 extended from the personal computer 506 is connected thereto (indicated 
by an arrow code A as to the connection cable 507), so that the foregoing character and image 
data are installed. 

[0011] Upon an end of the installation of data, connection of the connection cables 505a, 505P, 
and 505y with the display devices 502a, 502p, and 502y is restored, the display devices 502a, 
502p, and 502y are returned to their own places in the walls or manufacturing machines, and 
the PLCs 501a, 501p, and 501y are returned into an online state, with connection of the same 
with the network circuit 503 restored. 

[001 2] Therefore, the operation of changing the screen display is complicated, and it is 
necessary to consecutively connect the personal computer 506 with the display device whose 
screen display is to be changed, one after another, for downloading. Therefore, there arises a 
problem that an offline time is prolonged. 

[0013] Furthermore, transmission of a relatively large amount of data upon, for example, a 
change of processed products or drastic changes to processing operation data is also executed 
by connecting the personal computer 506 with the PLCs 501a, 501 p, and 501 y and installing 
preset data such as application programs and initial values, like in the foregoing case of the 
foregoing characters and image data. 

[0014] Furthermore, since the PLCs differ in communication protocols for data communication, 
depending on respective manufacturers thereof, or in some cases from one PLC to another PLC 
even though produced by the same manufacturer, there are innumerable communication 
protocols to which a host computer has to be suited, and it is necessary to anew prepare 
communication protocols that are suited for the PLCs, for dedicated use of the host computer. 
Thus, there exists a problem of extreme inconvenience. 
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[0015] The inventors of the present invention examined the foregoing problems, and arrived at 
the following finding. Namely, having been developed as a personal-computer-applied device, a 
programmable display device that has been exclusively used for display is capable of data 
communication with a generally used personal computer without any problem with use of a 
generally used protocol. Furthermore, a display device is necessarily capable of data 
communication with a PLC, it is usual that a dedicated communication protocol specialized for a 
PLC to be connected with the display device has been developed. 

[0016] Therefore, in the case where this display device is placed at center of communication 
and each PLC and a host computer are connected to each other with use of display devices, the 
display devices function as protocol converting means in data communication. 

[0017] The -Aspects of the present invention has- have been made based on this finding, and an 
object of the present invention is to provide a control system in which a display device that 
conventionally was used exclusively for display of a control state is placed at a_center of data 
communication. This ensures that a control unit such as a PLC can be exclusively used for I/O 
control that i s i ts own funct i on, whereby a load on the control unit is decreased. At the same 
time, it ensures that innumerable communication protocols of control units need not be 
considered on the side of a data processing device of the host computer or the like or on the 
display device side, whereby st e ps of software can b e operations are reduced. 

[0018] Furthermore, based on the foregoing finding, an object of the present invention is to 
provide a data transmission method for a system having (i) a first data processing device having 
its own communication protocol sp e c i a li z e d for i ts el f such as the foregoing control unit, and (ii) a 
second data processing device having a common communication protocol such as a personal- 
computer-applied device, the data transmission method ensuring normal communication, 
without causing the second data processing device to consider all innumerable specialized 
communication protocols upon data transmission between the first and second data processing 
devices, so that st e ps of software operations for development, management, and maintenance 
of the system can b e are reduced. 

[0019] More specifically, a control system in accordance with an aspect of the present invention 
is a control system including a plurality of control devices, each control device including a 
control unit and a display device connected with the control unit via a dedicated communication 
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line and being capable of display corresponding to a control state of the control unit, the control 
system being capable of transmitting data between the control devicesr:_ and to a ch ie v e th e 
aforomont i on e d ob je ct, th e The control system i s charact e r i z e d i n that ( i ) includes data afe 
transmitted between the control unit and the display device according to a dedicated protocol 
specialized for the control unit, and (ii) all of the display devices in the control devices are 
connected with each other via a common communication line, and data afe-is_transmitted 
between the display devices according to a common protocol. 

[0020] Incidentally, protocols in a wide sense include protocols (transmission protocols) that 
have to be standardized in a network covering a transmitter and a receiver, for. otherwise data 
per se cannot be transmitted. Such protocols include: codes indicative of a start character, an 
end character, etc.; transmitting/receiving timings of each character; and methods for identifying 
the transmitter or the receiver The protocols also include command systems that have to be 
standardized between the transmitter and the receiver, for, othenvise, an operation requested by 
one part and an operation executed by the other part do not coincide, thereby making it 
impossible to normally execute operations such as control operations. The aforementioned 
dedicated and common protocols are realized as combination of transmission protocols and 
command systems. 

[0021] This allows the control unit to be used m exclusively for I/O control wh i ch i s i ts own 
funct i on , thereby enabling to r e duc e a reduced a-load on the control unit. Moreover, since the 
display device should be at least capable of communication according to.a dedicated protocol of 
a control unit connected thereto and according to the foregoing common protocol, it is possible 
to decrease the number of steps required for production (development) of software. 

[0022] In addition to the foregoing arrangement, a data processing device may be connected to 
the common communication line, and data may be transmitted between the data processing 
device and each display device according to the foregoing common protocol. 

[0023] In the foregoing arrangement, the data processing device is communicable with any 
control device as long as the data processing device can communicate according to the 
common protocol. Therefore, in spite of the presence of the data processing device, time and 
labor for development, m.anagement. and maintenance of the whole control system can be 
saved. 

[0024] Furthermore, to ach ie v e th e afor e mont i onod obj e ct, a display device i n accordanc e w i th 
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according to an aspect of the present invention is charaoteriz e d by compr i s i ng includes (i) a first 
data communication port connected with a control unit having a predetermined dedicated 
communication protocol specialized for the control unit itself, (ii) a second data communication 
port connected with a certain data processing device, (iii) a data processing section that 
processes data inputted and outputted through the first and. second data communication ports, 
in accordance with a procedure set beforehand, and (iv) a display section that provides a 
display corresponding to information processed by the data processing section, and is 
charact e r i z e d i n that (a) the display device executes data communication with the control unit 
according to the dedicated communication protocol of the control unit, and (b) the display device 
executes data communication with the data processing device according to the common 
communication protocol, 

[0025] By using a display device an^anged as above, like in the case of the above-described 
control system, a load on the control unit can b e is reduced, while the number of steps required 
for production (development) of software can b e is decreased. 

[0026] Furthermore, in addition to the foregoing arrangement, the display device may be 
arranged so that the data processing section is also connected with an operating section, so 
that a timing of data processing and contents of the processing by the data processing section 
can b e is manually instructed by means of the operating section. This arrangement allows the 
display device to be used as operating means of the control system. 

[0027] Furthermore, any on e of th ea display d e v i c e s device arranged as described above is 
pr e f e rab l y may be further arranged so as to further include a data input section for downloading, 
from outside the device, data for communication according to the dedicated communication 
protocol. 

[0028] The foregoing arrangement ensures communication with the control unit w i thout troub le s 
GRly-by downloading programs for communication, data indicative of a communication format, 
and other necessary data for a dedicated protocol upon n e c e ss i ty , without preparing in the 
display device beforehand all data that atiow -allows communication according to any one of all 
dedicated protocols likely connected with the display device. 

[0029] Furthermore, any on e of th ea display d e v i c e s device an^anged as described above is 
pr e f e rab l y further arranged so as to further include a conversion table storing section that stores 
a conversion table showing correspondence between special information of the control unit that 
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is extracted from the dedicated protocol on one hand and connmon information transmitted 
according to the common protocol on the other hand, so that the data processing section 
converts the common information received from the common communication line, into the 
special information, refemng to the conversion table. 

[0030] According to the foregoing an^angement, Bot-a program for communication is not 
prepared for each control unit, but rather a conversion table is prepared for each control unit. 
Therefore, oftly-by onlv changing the conversion table, communication according to each 
dedicated protocol is enabled. 

[0031] Furthermore, in addition to the foregoing arrangement, the display device is pr e f e rab l y 
further arranged so as to furthe^include a format information storing section for storing a data 
transfer format of transfer information transmitted according to the dedicated protocol, so that 
the data processing section produces the transfer information by substituting the converted 
special information for an undefined portion of the data transfer format. 

[0032] According to the foregoing arrangement, the display device applies necessary data to 
undefined portions of the data transfer fomriat and produces a command to be transferred with a 
specific control unit at real time during an operation of the control system. Therefore, 
irrespective of where data inputted come from, transmission of data is enabled. Furthermore, 
even when a control unit to which the data should be transmitted is changed, necessary actions 
can be taken without stopping the system. 

[0033] Furthermore, any on e of th e a display d e v i c e s device arranged as described above is 
pr e f e rab l y further arranged so as to ftrthei^include a protocol determining section that (a) sends 
out preset data according to a communication protocol selected from among a group of 
protocols applicable for communication of itself, prior to data transmission with the control unit, 
and that (b) in the case where a response from the control unit coincides with a predetermined 
response, determines the communication protocol as a communication protocol used for the 
data transmission with the control unit. 

[0034] According to the foregoing anrangement, the dedicated protocol that the display device 
uses for data transmission is detemnined prior to establishment of data transmission with the 
control unit. This enables reduction of time and labor spent by the user, and also prevents eaors 
in setting, as compared with the case where the user sets the dedicated protocol. 
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[0035] On the other hand, a data transmission method in accordance with an aspect of the 
present invention is a data transmission method applied when a data processing device 
transmits data with a first data processing device and a second data processing device, the data 
processing device being provided between the first data processing device and the second data 
processing device, the first data processing device transmitting data according to a first 
communication protocol, and the second data processing device transmitting data according to 
a second communication protocol , and to ach ie v e th e afor e m e nt i on e d ob i ect, th e . The method 
is charact e r i z e d bv compr i s i na includes (i) a dedicated protocol communication stee- operation of 
transmitting data with the first data processing device according to a communication protocol 
specialized for the first data processing device, and (ii) a common protocol communication step 
operation of transmitting data with the second data processing device according to a 
communication protocol common to data processing devices that are likely connected with the 
data processing device. 

[0036] According to the foregoing arrangement, each data processing device has to b eis 
capable of communication only according to_a dedicated protocol of the first data processing 
device connected thereto and according to the common protocol. Therefore, as is the case with 
the foregoing control system, it is possible to decrease the number of step& operations required 
for production (development) of software. 

[0037] Furthermore, a data transmission method in accordance with an aspect of the present 
invention is a data transmission method applied when a data processing device transmits data 
with a first data processing device and a second data processing device, the data processing 
device being provided between the first data processing device and the second data processing 
device, the first data processing device transmitting data according to a first communication 
protocol, and the second data processing device transmitting data according to a second 
communication protocol , and to achi e ve th e aforem e nt i on e d obj e ct, th e J Thg method is 
charact e r i zod by i nc l ud i ng includes (i) a dedicated protocol communication step of transmitting 
data with the first data processing device according to a communication protocol specialized for 
the first data processing device, and (ii) a data sending step operation of, prior to the dedicated 
protocol communication step operation , selecting a communication protocol from among a 
group of protocols possessed by itself and sending out preset data according to the selected 
communication protocol, and (iii) a protocol determining stea -operation of waiting for a response 
from the first data processing device, and determining a communication protocol to which a 
predetermined response is obtained as a communication protocol used for data transmission 
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with the first data processing device. 



[0038] According to the foregoing anrangement, the data sending steg operation and the 
communication protocol determining step operation are perfomned before the dedicated protocol 
communication step operation . This enables reduction of time and labor spent by the user, and 
also prevents errors in setting, as compared with the case where the user sets the dedicated 
protocol. 

[0039] On the other hand, a control-use host computer in accordance with an aspect of the 
present invention is a control-use host computer used in a control system that includes (a) a 
control unit for controlling a control target, (b) a display device that communicates with the 
control unit via a dedicated network so as to display or control a control state of the control unit 
and that, in the case where a common network apart from the dedicated network has a 
communication protocol different from that of the dedicated network, converts one of the 
protocols into the other protocol, and (c) the control-use host computer connected with the 
display device via the common network , and to ach ie v e th e aforomont i on e d object, th e,,Jlie 
control-use host computer i s charact e rizod by inc l ud i ng includes an interface section that sends 
data streams containing instruction contents for the control unit via the common network to the 
display device connected with the control unit. 

[0040] According to the foregoing arrangement, the interface section of the control-use host 
computer gives the display control device information of instruction contents to the display 
device via the common network, and the display control device that i s an ecsontia l oloment of 
the control system converts the communication protocol so as to transfer the information to the 
control device. Therefore, the interface section of the control system communicates with the 
common network according to one communication protocol at a ll t i m e s irrespective of the 
communication protocol of the control device. Consequently, this allows control devices with 
different communication protocols to exist together in the control system, and therefore, saving 
time and labor in incorporating a control device into the control system. 

[0041] Furthermore, since the communication protocol of the interface section is uniform 
irrespective of the communication protocol of the control device, there is no need to change the 
interface section and the transmission control means of the control-use host computer, even in 
the a_case where a new control device is developed. Therefore, as compared with the 
conventional cases where when a new control device is incorporated a program for a 
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<X)mmunication protocol of the new control device is created on both the sides of the display 
control device and the control-use host computer, time and labor required upon incorporation of 
the control device into the control system can b e is saved for the time and labor required 
relating to the control-use host computer, and time and labor required for management and 
maintenance of the whole control system can b e is saved. 

[0042] Furthermore, in addition to the foregoing arrangement, the control-use host computer 
according to an aspect of the present invention is pr e f e rab l y arranged so as to further include a 
plurality of transmission control sections that are provided between the interface section and a 
host-side display section for controlling or displaying a state of the control target and that 
controls the interface section in response to a request from the host-side display section, so as 
to transmit or receive data for controlling or displaying the state of the control target, wherein 
one of the transmission contro sections is a simple transmission control section that is capable 
of specifying the request through a simpler procedure than the other transmission control 
section does. 

[0043] According to the foregoing arrangement, since at least one of the transmission control 
sections is a simple transmission control section, the developer on the host-side control section 
is allowed to send a request regarding a degree of difficulty according to his/her own expertise, 
by selecting the simple transmission control section or the other transmission control section. 
Furthermore, the developer of the transmission control section is allowed to recommend which 
transmission control section should be used, considering expertise of the developer of the host- 
side display control section. Consequently, it is possible to prevent errors of the control system 
caused by a mistake of the developer of the host-side display control section. 

[0044] Furthermore, a control system in accordance with an aspect of the present invention is a 
control system in which a control device controls a control target in response to a control output 
transmitted from a host device, and transmits infonnation about the control to a display device 
so that the information is synthesized and displayed with character and image data installed 
beforehand in the display device , and to ach ie v e th e afor e m e nt i on e d ob je ct, th e . The control 
system i s charact e r i z e d i n that th e includes a display device is prov i d e d between the host 
device and the control unit, so that the character and image data are downloaded from the host 
device so as to be installed in the display device. 

[0045] According to the foregoing an^angement, noting that a display device dealing with data of 
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a relatively larger amount such as image data has a higher computing competence and higher 
applicability to data communication as compared with a control unit dealing with data of a 
relatively smaller amount such as ON/OFF data, this display device is provided between the 
host device such as a host computer and the control unit such as a programmable logic 
controller, and a control output from the host device or control state data from the control unit 
can b e is transmitted without any trouble via the display device to the control unit or to the host 
device, respectively. On the other hand, upon installing character and image data that are 
produced by writing names of control-target devices on a background screen illustrating, for 
example, manufacturing lines, the data can b e is transmitted directly to the display device via a 
normal communication circuit. Therefore, there is no need to carry out complex operations such 
as taking the host device into a manufacturing site, changing the wire connection, and the like. 
Moreover, in the case, where a plurality of display devices, that is, control units are connected 
via a network circuit, character and image data can be transmitted to the display devices 
successively, whereby the installing operation can be completed within a short time. 

[0046] Furthermore, a control system in accordance with the -an aspect of the present invention 
is a control system in which a plurality of control units respectively control control targets in 
response to control outputs transmitted from a host device, and information about the controls is 
displayed in corresponding display devices, respectively , and to achiev e th e afor e m e nt i on e d 
ob ie ct. th e . The control system i s charact e r i z e d i n that th e includes a display device i s prov i d e d 
between the host device and the control unit, so that preset data are downloaded from the host 
device so as to be installed in the display device. 

[0047] According to the foregoing an-angement,'like in the case where character and image 
data are installed, the display devices transfer data to the control units and the host computer, 
respectively, thereby providing transmission of data without troub le s problems . Furthermore, 
upon installing preset data such as application programs and initial values te-not only to_the 
display devices but also tg,the control units, it is possible to directly transmit the data via normal 
communication lines. This e nsur e ensures a reduction of wefks- work upon installation, while 
ensur e s also ensuring that the installing operation can b eis completed within a short time even 
in the-a_case where a plurality of display devices, that is. control units are connected. 

[0048] Furthermore, the control system that enables installation of character and image data or 
preset data from the host device is pr e f e rably according to an aspecf of the present invention 
arranged so that communication between the control unit and the display device corresponding 
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thereto shou l d b e is carried out accx^rding to a certain protocol, while communication via a 
network circuit between the display device and the host device should be carried out according 
to the predetermined common protocol. 

[0049] According to the foregoing arrangement, taking advantage ef-that each control unit is 
connected with the host device via the display device that has a high computing competence 
and high applicability to data communication, the display device i s mad e to hav e a funct i on of 
provides protocol conversion. In so doing, the conv e nt i ona l control unit is allowed to use an 
arbitrary protocol that differs depending on the manufacturer or the product, while the network is 
made to use the predetermined common protocol, and consequently, extension or change of the 
control system can b e easily executed. 

[0050] For a fuller understanding of the nature and advantages of the invention, reference 
should be made to the ensuing detailed description taken in conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block diagram illustrating a structure of a principal part of a control system 
illustrating an embodiment of the present invention. 

Figure 2 is a block diagram illustrating a structure of a principal part of a control system 
of another embodiment of the present invention. 

Figure 3 is a block diagram illustrating a structure of a principal part of a control system 
of still another embodiment of the present invention. 

Figure 4 is a block diagram illustrating a network structure of a control system of still 
another embodiment of the present invention. 

Figure 5 is a block diagram illustrating an example of an arrangement of hardware of a 
PLC and a programmable display device in the foregoing control system. 

Figure 6 is a perspective view of an example of an outward, partially cut-away 
appearance of the programmable display device. 

Figures 74a)7A and 7{b)B are explanatory views illustrating an example of control 
operations of the foregoing control system. 

Figures 8^A through 8^C are explanatory views illustrating an arrangement of a 
processing instruction word used in the foregoing control system. 

Figure 9 is a block diagram illustrating a principal part of the foregoing control system. 

Figure 10 is a block diagram illustrating a principal part of a control system in 
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accordance with still another embodiment of the present invention. 

Figure 11 is an explanatory view illustrating an example of a data transfer format used in 
a common protocol in the foregoing control system. 

Figure 12 is an explanatory view illustrating an example of data transfer format used in a 
dedicated protocol in the foregoing control system. 

Figure 13 is an explanatory view illustrating an example of a conversion table used in 
protocol conversion between a dedicated protocol and a common protocol in the foregoing 
control system. 

Figure 14 is a block diagram explaining the foregoing control system in more detail. 

Figure 15 is a block diagram illustrating a principal part of a control system in 
accordance with still another embodiment of the present invention. 

Figures 16(a)A through 16(te)B are explanatory views illustrating an example of tables of 
correspondence between dedicated protocols and response codes in the case where a 
protocol-identification command is sent out by the foregoing control system. 

Figure 17 is a flowchart illustrating an automatic judging procedure of the dedicated 
protocol in the foregoing control system. 

Figure 18 is a block diagram illustrating a principal part of a control system in 
accordance with still another embodiment of the present invention. 

Figure 19 is a block diagram illustrating a principal part of a control system in 
accordance with still another embodiment of the present invention. 

Figure 20 is an explanatory view illustrating an example of a data transfer format used in 
the foregoing control system. 

Figure 21 is a timing chart for explaining a download operation of image data from a host 
side to a display device side in the foregoing control system. 

Figure 22 is a block diagram illustrating a principal part of a control system in 
accordance with still another embodiment of the present invention. 

Figures 23{a)A through 23(9)G are explanatory views illustrating an example of a format 
of data used in the foregoing control system. 

Figure 24 is a block diagram illustrating a principal part of a typical control system of 
prior art. 

Bost Modo for Carrying Out DETAILED DESCRIPTION OF THE INVENTION 

[0051] The following description will explain the aspects of the present invention, referring to 
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examples of the present invention and comparative examples. Note that however the aspects of 
the p resent invention Is -are not limited by the examples at all. 

[First Embod i m e nt Aspecti 

[0052] The following description will explain an e mbod i m e nt aspect of the present invention 
while refen^ing to Figure 1 . As shown in Figure 1 that schematically illustrates an overall 
structure of a control system 1 in accordance with the aspect of the p resent 
e mbod i m e nt invention , the control system 1 is provided with a plurality of control devices 5 each 
of which includes a control unit 2a, 2g, a display device 3 a, 3B capable of display suitable to a 
controlled state of the control unit 2g, 2B and a dedicated communication line 4 for connection 
between the control unit 2 a. 2B and the display device 3a. 3B so that data can be transferred 
between the control devices 5. In each control device 5. the control unit 2 a, 2B and the display 
device 3 a. 3B execute data communication by means of a dedicated protocol inherently 
specialized for each control unit 2 a. 2B . On the other hand, the display devices of the control 
devices 5 are connected with each other via a common communication line 6, and execute data 
communication by means of a common protocol. 

[0053] In the foregoing arrangement, the display devices 3 a. 3B execute protocol conversion 
thereby enabling each control device 5 to communicate each other by means of a common 
protocol predetermined. Therefore, even in the case where the dedicated protocols of the 
control units 2 a. 2B are different from each other, transfer of data between the control devices 5 
is enabled without any difficulties. As a result, control units 2 a. 2B using different communication 
protocols are allowed to exist in one control system, without problems. 

[0054] Furthermore, the display devices 3 a. 3B that have convent i ona l ly been used exclusively 
for display of control states are now used as center of data communication, and the display 
devices 3 a. 3B execute protocol conversion between a dedicated protocol and a common 
protocol. Therefore, it becomes possible to use the control yftit- 2units 2a. 2B exclusively for I/O 
control which is its own function, thereby enabling to reduce a load on the control wit- gunits 2a. 

[0055] Furthermore, if the display device 3a is capable of protocol conversion between a 
dedicated protocol for the control unit 2a connected with the display device 3a and the foregoing 
common protocol, data transfer is enabled between the foregoing control unit 2a and a control 
unit 2(3 via a display device 3p that corresponds to the control unit 2p, irrespective of the 
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dedicated protocol of the control unit 2p. Therefore, communication protocols specific to the 
control units 2 a, 2B that are innumerable need not be considered, while only communication by 
means of a dedicated protocol of a control unit 2 that can possibly be connected thereto, 
communication by means of the common protocol, and the protocol conversion between the two 
may be taken into consideration. Therefore, steas operations required in production 
(development) of software can be decreased. 

[0056] Additionally, even in the case where a control device 5^ including a control unit 2 p that 
communicates bv m e ans of with a new dedicated protocol is added in the control system 1, 
there is no need to alter another display device-3. Therefore, time and labor upon incorporating 
the control unit 2 in the control system 1 can b e is.saved, whereby time and labor for 
management and maintenance of the whole control system 1 can b eis saved. 

[Second Embod i m e nt Aspecti 

[0057] A control system la-20 in accordance with an aspect of the present ombod i mont that is 
arrang e d idont i oal to tho forego i ng contro l system 1 i s furth e r arrang e d , as shown in Figure 
2, so that includes a data processing device 7 is-connected with tho for e go i ng a common 
communication line 6, to ensure transfer of data between the data processing device 7 and the 
display devices 3 a. 3B using the common protocol. This enables various operations such as 
centralized control by the host computer, and download of a protocol conversion procedure that 
will be described later. 

[0058] In this arrangement as well, like in the foregoing control system 1 , the data processing 
device 7 is capable of transfer of data to and from each control device 5 by communication 
using the common protocol alone. As a result, the data processing device 7 need not produce 
different sets of software for dedicated protocols respectively, and therefore, time and labor 
necessary for production of software can be reduced. Furthermore, even in the case where a 
new control device 5 is incorporated in the control system te20, there is no need to alter the data 
processing device 7. Consequently, in spite of the provision of the data processing device 7 
communicable with a certain control device 5, time and labor for development, management, 
and maintenance of the whole control system la-20 can be saved. 

[Third Embod i m e nt Aspecti 

[0059] The following description of an aspect of the present e mbod i m e nt invention w ill explain 
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in more detail an an-angement of the-a_display device 3 while referring to Figure 3. I n th e 
fol l owing d e scription, a cas e wh e r e th e arrang e m e nt of th e pr e s e nt embod i m e nt i s app l i e d to 
th e contro l system l a i n accordanc e w i th th e s e cond e mbodim e nt i s tak e n as an e xamp le , but 
th e sam e e ff e ct can b e achi e v e d a l so i n th e cas e wh e r e it i s app lie d to th e contro l syst e m 1 i n 
accordanc e w i th th e first e mbod i m e nt . 

[0060] Sp e cifical l y, a d i sp l ay Display device -devices 3 b -31a, 31B of a control system tb-30 in 
accordance with an aspect of the present e mbod i m e nt invention i s prov i ded w i th include a 
dedicated protocol interface section (first data communication port) 11, a common protocol 
interface section (second data communication port) 12, a data processing section 13, and a 
display section 14. The dedicated protocol interface section 11 is connected, via a dedicated 
communication line 4, with a control wi ^units 2 a. 23 in which a dedicated protocol specific to 
the control wit -units 2 a, 2B is specified beforehand. The common protocol interface section 12 
is connected with a certain data processing device such as a data processing device 7 or 
another display device 3 b31a, 31B . via a common communication line 6 for communication 
using a predetermined common protocol. The data processing section 13 processes data 
inputted/outputted via the protocol interface sections 11 and 12 according to a procedure set 
beforehand. The display section 14 executes display corresponding to information processed by 
the data processing section 13. 

[0061] Furthermore, for example, th e fo l low i ng i s arrang e d: the protocol interface sections 11 
and 12 execute communication using their own communication protocols, respectively, while a 
data format is converted by the data processing section 13 as required; consequently, data 
communication between the dedicated protocol interface 11 and the control unit 2 a. 2B is 
executed using the dedicated protocol, and data communication between the common protocol 
interface section 12 and the data processing device 7 (another display device ^ 31a. 31B ) is 
executed using the common protocol. 

[0062] Furthermore, the data processing section 13 is connected with an operating section 15 
accepting an input from a user, such as a touch panel or a keyboard, so that instruction of data 
processing times and processing contents of the data processing section 13 can be inputted 
manually via the operating section 15. 

[0063] Additionally, the display device 3b -31a. 31 B in accordance with an aspect of the present 
e mbod i m e nt invention is equipped with a data input section 16 for input of data from outside the 
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display device 3 b31a. 318 , such as a memory card reader, so that data and programs for 
processing the foregoing dedicated protocols (data for dedicated protocols) can be downloaded 
from outside the display device 3b 31a, 313 . Incidentally, using the foregoing common protocol 
interface section 12 as the data input section 16, the foregoing data or programs may be 
downloaded from the data processing device 7 or another display device 3b, for example. 

[0064] The foregoing an^angement enables the display device Sb- 31a, 31B to. even after being 
completely fabricated, download data for its dedicated protocol upon n e c e ss i ty when necessan/ . 
Therefore, data for dedicated protocols need not be prepared beforehand as to all the control 
units 2 a. 2B that are connectable, and consequently, a memory capacity required for the display 
device 3b -31a. 31Be an-beis reduced. Furthermore, even in the case where a control unit 2 of a 
new dedicated protocol is developed, the display device 2b has to only download data for the 
dedicated protocol so as to communicate with the foregoing control unit-2. Furthermore, the 
data for the dedicated protocol may be managed by, for example, the data processing device 7 
and downloaded as required. Therefore, management of the data is also facilitated. 

[Fourth Embodim e nt Aspecti 

[0065] The following description of an aspect of the present e mbod i m e nt invention w ill explain 
in more detail an arrangement of the control device^ § while referring to Figures 4 through 9. 
Specifically, as shown in Figure 4, a control system +G-40_in accordance with an aspect of the 
present e mbod i m e nt invention is a system provided with a plurality of PLCs 2G -22a. 223 as 
control units 2 associated with each other, so that the system should b eis capable of sequence 
control of a target system 8 such as a belt-conveyer-type automatic assembly system. In the 
control system te40, a programmable display device 3€ -32a. 323 is used as a control panel of 
each PLC 2 e22a. 23 . Furthermore, the control system \gAO includes , ac a data procoss i ng 
d e v i c e 7 shown in F i gur e 2, a host computer ?g-71 for centralized control of the control devices 
5c and for managing data of the control devices §e -51a. 513 all together. The programmable 
display dev i c e 3c devices 32a. 323 connected with the forgoing PLC 2c PLCs 22a. 223 
const i tut e s constitute a set of a control d e v i c e 5c devices 51a. 513 . The pr e s e nt control system 
tG-40 includes two control devices 56 -51 a. 513 including a first control device §ea -51a and a 
second control device 5 g513 . respectively, or altematively it may include more than two of such 
control devices-5G. I nc i d e nta ll y, i n in the following explanation, for conv e n ie nc e s' sak e 
convenience . Greek characters for distinguishing the sets of the control devices 5G -51a. 513 are 
attached to ends of referential codes like PLC 2ca or PLC 2ca 22a. 223 in the case where the 
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respective sets are individually referred to. 



[0066] In the present e mbod i m e nt aspect of the invention , two types of the PLCs 2g are used. 
that aro tho first PLC 2^22q and tho sooond PLC 2gq22Q. Each of the PLCs 2Ga-22a and 20 
22B has its own dedicated communication protocol specialized for the manufacturer and the 
type of the apparatus. Th e first PLC 2ea -22a and the s e cond PLC 2g7^22B are capable of 
executing control controls associated with each other as will be described later, in a state of, for 
example, being individually connected with control-target devices 9 that are individually provided 
i n on e and sam ea belt conveyer. 

[0067] I nc i d e ntally, i n hi the following explanation, for conveni e nc e s' sak e convenience . a case 
where two PLCs 26 and two programmable display device 3c are provided is taken as an 
example, but an e mbod i m e nt substant i al l y i d e ntical to th e for e go i ng e xamp le can b e r e a li z e d i n 
th e cas e wh e r e accordinq to an aspect of the present invention this number can be th e y ar e 
increased to three or more, respectively. Furthermore, apart from the PLC, any one of various 
personal-computer-applied apparatuses may be used as the control uni t 2, so that an 
e mbod i m e nt substant i a ll y id e nt i cal can a l so b e r e a l iz e d . 

[0068] In the PLC 2€ 22a. 22S . like a CPU unit or a memory unit, a circuit is formed into a unit 
for each individual circuit required, and by appropriately adding a unit as required via a bus line, 
functions achieved by the PLC 2c as a whole can be increased/decreased. 

[0069] The PLC ^50 shown in Figure 5 i s provid e d, as basic units, with: includes a CPU unit 
101 for controlling the whote-PLC 2g^50. an input unit 102 enabling direct input of a detected 
signal sent from the target system 87 an output unit 103 enabling output of a processing 
operation control signal to the target system 8i a memory unit 104 for storing various kinds of 
dataf-and_a computer-linked unit 105 enabling predetemiined data communication with the 
programmable display device 3c. The foregoing CPU unit 101 always-observes changing states 
of the input, output, and computer-linked units 102, 103, and 105 as i nput/output m e ans . Upon 
recognition of changes in data such as input of new data, after applying necessary calculating 
operations thereto the CPU unit 101 can mak e makes access to a corresponding address on 
the memory unit 104 to rewrite contents and send data to the output unit 103. 

[0070] Here, in the memory unit 104, a place for storing state data MD that are 
inputted/outputted directly to/from the target system 8 or used for control of the target system 8 
is provided as to each control-target device 9 to be controlled or displayed, such as a passive 
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member like a level meter or a limit switch provided on the target system 8. an active member 
like a relay or a motor, or a data setting member such as a counter or an inker Further, a word 
device is appropriated to data to be inputted/outputted. in the case where the data are word 
data such as numerical values, while a bit device is appropriated for bit data such as on/off 
information. Each device has its own device name such as "XOOO" "XOOO ," and by designating a 
device name, a place where the data afe-is_to be stored can b e is specified on the memory unit 
104. Therefore, only by specifying and accessing a certain word or bit device in the memory unit 
104 from inside or outside the PLC 26 50, a corresponding part of the target system 8 can be 
controlled, or information relating to an operation state of the corresponding part can be 
individually taken out. 

[0071] Incidentally, commonly app lie d as th e PLC 2c i s a PLC that has has according to an 
aspect of the present invention includes a passive data transmission function, like receiving a 
command sent from another data processing device such as the programmable display device 
36, and executes writing/reading of data corresponding to the command to/from the memory 
unit 104, or returning a command or data sent thereto without applying changes thereto, but 
needless to say, a substantially identical embodiment can be achieved in the case where the 
PLC has an active data transmission function. 

[0072] On the other hand, the programmable display device 36-51 is, along with the foregoing 
PLC 2650, incorporated in an operation table of the target system 8, or alternatively it is 
independently provided, so as to be used as a control panel for the target system 8. 

[0073] A programmable display device 36-51 in accordance with an aspect of the present 
e mbodim e nt invention is, as shown in Figure 6 for example, arranged so that a display screen 
112 of a display 446- 141 as the foregoing display section 14 is provided on a front side of a 
main body case 111 formed in a substantially rectangular shape, and a touch panel 4 ^151 as 
the foregoing operating section 15 is provided so as to closely adhere to the display screen. On 
the other hand inside the main body case 111 , a display control circuit 113 shown in Figure 5 is 
housed. Not e that in th e pr e s e nt e mbodim e nt According to an aspect of the present invention, a 
liquid crystal display panel is used as the foregoing display 44 6141 . Furthermore, needless to 
say, any one of various manual operating m e ans devices such as a pointing device like a 
mouse or a key board may be used instead of, or in addition to, the touch panel 4§6 -151 as th e 
for e go i ng op e rat i ng m e ans . 
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[0074] A basic hardware arrangement of the foregoing display control circuit 113 is oubstant i a l ly 
id e ntica l to a g e n e ra ll y - us e d p e rsona l comput e r d e v i c e , and is connected as shown in Figure 5 
via a bus line 114 with a CPU 115 and memories, e.g., a ROM 116, and a RAM 117, a touch 
panel controller 118 for controlling the foregoing touch panel 4 ^151 , and a graphic controller 
119 for controlling the foregoing display 44€l41. The CPU 115 executes a predetermined 
calculating operation in accordance with a system program stored in the ROM 116. Results of 
calculations appropriately stored in the RAM 117 are developed into bit images on a video RAM 
121 by the graphic controller 119 using various display data stored beforehand in a graphic data 
storing memory 120 including font data for display of characters and still picture data. Then, 
contents corresponding to the contents written in the video RAM 121 are displayed on the 
display screen 112 of the display 44€l41. 

[0075] Furthermore, the foregoing bus line 114 is connected to a communication controller He 
511 as the dedicated protocol interface section 11 that is actuated with a dedicated protocol 
specialized for the circuit arrangement of the PLC-2G, so as to establish communication with the 
computer-linked unit 105 of the foregoing PLC 2€ via a dedicated communication line 4 in 
parallel or in serial. 

[0076] On the other hand, the foregoing bus line 114 is connected to a generally used 
communication adapter 42 ^51 2 such as Ethernet (trademark: Xerox Corp.) as the common 
protocol interface section 12, so that, for example, connection with the host computer Te or 
another programmable display device 3g is provided via the common communication line 6 
composed of communication cables, whereby a local area network (LAN) is formed. In the 
foregoing LAN, a generally used communication protocol (common protocol) such as TCP/IP is 
used, so as to enable transfer of various kinds of data between the host computer Te and each 
control device^, or between the control devices-Sc. 

[0077] Furthermore, an example of data transfer between the PLC 3e and the programmable 
display device 3e in the control system te-in accordance with an aspect of the present 
ombod i m e nt invention is as follows: state data storing memories 17 and 32 that will be 
described later are provided in the programmable display device 36 and the PLC-2€. 
respectively, and they transfer data with each other so as to possess the same contents. By so 
doing, the PLC 2c and the programmable display device 3g are allowed to hold state data of 
substantially identical contents including the bit device or word device provided on the PLC 2g 
side, with a minimum time lag. Incidentally, for instance, the state data storing memory 17 is set 
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as one region on the RAM 117 on the programmable display device-Se, while the state data 
storing memory 32 is set as one region on the memory unit 104. 

[0078] Here, the programmable display device-3e. as shown in Figure 7(a), manages a screen 
in which one or a plurality of still pictures B or member pictures Ji is placed on a base screen, as 
a unit screen. The foregoing still picture B is a picture such as name plate whose display 
contents are not to be changed, while the foregoing member picture JI is a picture with changes 
in shape or color or flickering, such as a picture of a switch. Furthenmore, the programmable 
display device 3g includes a plurality of unit screens for use of data processing, as well as it is 
arranged so that file numbers F e.q., FL1, FL2... are respectively allocated to unit screens, and 
that a screen displaying required operation contents can be obtained only by switching unit 
screens by designating a file number F. 

[00791 More specifically, in the foregoing programmable display device-Se. as shown in Figure 
5, an event data storing memory 122 that stores processing instruction words corresponding to 
the unit screens, respectively, is connected with the bus line 114. When one unit screen is 
selected, a processing instruction word W . e.g., WL1. WL2, ... related to the selected unit 
screen is read intermittently at extremely short intervals. Such a processing instruction word W 
includes a set composed of a file number F, an event name N, and a reference information r, as 
shown in Figure 8-(a)8A : the file number F is indicative of a base screen to which a display 
control operation is to be applied^ the event name N specifies an operation content to be 
executed on the base screen^ and the reference information r is composed of one or a plurality 
of pieces of data that are referred to as to each event to be executed. The programmable 
display device 3g executes operations of the contents identified by the event names N of the 
processing instruction word W successively, while refemng to the data in the foregoing state 
data storing memory 17 having identical contents of the state data storing memory 32 of the 
PLC 2670. By so doing, the member picture JI, display data, and the like on the base screen 
are displayed immediately in accordance with changes to the contents of the bit device or the 
word device of the PLC 2e70c. 

[0080] For instance, the processing instruction word WT that is to enable to invert the bit device 
set at a predetermined address position in the state data storing memory 32 in association of 
pressing instruction operations with respect to the touch panel 45 151 's as follows: as shown in 
; Figure 8{b)8B, the processing instruction word WT includes a file number F1 of the base 
screen, and an event name N1 specifying an operation of the touch panel 4§g- 151 that starts 
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with, for example,. 'T', and further include as the reference infonnation r an input coordinates 
range X«Y making an input operation through the touch panel 4 ^151 valid and an address A at 
which data should be rewritten in association with pressing operations at the touch panel 
4^151. 

[0081] Furthermore, the processing instruction word WL that is to enable to display a 
predetermined picture at a corresponding position on the base screen in association with 
operations at the touch panel 4^ 151 is as follows: as shown in Figure 8(g)8C, the processing 
instruction word WL includes a file number F1 of the base screen, and an event name N2 
specifying display of a member picture J1 that starts with, for example, "L", and further includes 
as the reference information r a member picture display coordinates range X*Y, a file number FL 
specifying a member picture to be recalled, and an address A to be referred to upon display of a 
member picture. 

[0082] Furthermore, as shown in Figure 7(a)7A, upon setting processing instruction words WL1 
and WTI in the event data storing memory 122, the words WL1 and WTI are set so that 
respective coordinates ranges X*Y of the words WL1 and WTI coincide with each other, and that 
the respective reference addresses A thereof coincide with each other. Furthermore, a state of 
"0" of a bit device at the address A in the state data storing memory 17 is made to correspond to 
an OFF state of a switch beforehand, so that the PLC 2g-70 executes an OFF operation with 
respect to the actual switch setting at the time to be controlled, when the bit device exhibits a 
state of "0". Furthermore, in the graphic data storing memory 119, data indicative of a member 
picture Ji con^esponding to an OFF state of the switch are stored in association with a reference 
file number FL1 , and data indicative of a member picture J2 corresponding to an ON state 
thereof are stored in association with a reference file number FL2. 

[0083] Here, as shown in Figure 7(a)7A, in the case where a reference address A of the state 
data storing memory 17 is "0", a programmable display device 3e reads data indicative of the 
member picture corresponding to the OFF state of the switch, from the reference file numbered 
as FL1 of the graphic data storing memory 120 based on the processing instruction word WL1, 
and develops and displays the read data in the coordinates range X^Y on the base screen. 

[0084] Upon pressing the switch-like member picture JI on the touch panel-4^, the 
programmable display device 3g searches for a touch-panel-use processing instruction word 
WT in the event data storing memory 122, and judges, based on a coordinates instructed by the 
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touch panel-4^, whether or not exists the processing instruction word WT including as 
coordinates information a range including the foregoing coordinates. 

[0085] For instance, when a point in the coordinates range X»Y of the processing instruction 
word WT1 is pressed, the programmable display device 3€ finds the processing instruction word 
WTI and inverts the data value at the corresponding address A from "0" shown in Figure 7{a)7A 
to "1" shown in Figure 7(fe)7B. Consequently, the PLC 2c executes a controlling operation that 
turns on a switch point corresponding to the address A. Further, since the value of the address 
A is turned to "1", the member picture J2 illustrating the ON state is read from the reference file 
numbered "FL2" in the graphic data storing memory 120 based on the processing instruction 
word WL1. and is displayed in the coordinates range X.Y. Thus, the switch-like member picture 
displayed on the base screen is also turned from the OFF state (Jl) to the ON state (J2). 

[0086] This arrangement enables display on the display screen 112 by the PLC 2g-70 that 
corresponds to a control state of the target system 8, data input by fingers through the touch 
panel4^, as well as indirect control of the target system 8 by the PLC 2c70. 

[0087] Here, not only state data MD of the PLC 26-70 directly connected with the programmable 
display device 3g but also state data of the PLC 2c indirectly connected thereto via the common 
communication line 6 can be designated as the state data MD that are referred to by the 
foregoing processing instruction word W. For instance, information indicative of the PLC 2g-70 
or information indicative of the programmable display device 3g connected with the PLC 2G-70 is 
added in the address A of the reference information r, based on which each control-target 
device 9 in the control system is may be distinguished. This allows all the PLCs 2q to be 
controlled in association with each other, via the programmable display device-36. 

[0088] The-A_control system te-90 substantia ll y i d e nt i ca l to that shown i n Figur e 3 i s r e a li z e d by 
th e for e go i ng hardwar e arrang e m e nt, as is shown in Figure 9. Here, as function blocks in the 
PLC-2€, a dedicated protocol interface section 31. a state data storing memory 32, and a data 
processing section 33 are provided. The dedicated protocol interface section 31 is realized by 
the foregoing computer-linked unit 105 and the like, for communication using the dedicated 
protocol specific to the PLC^. The state data storing memory 32 is realized as a region of the 
foregoing PJKM 117, for storing state data MD including contents of a bit device or a word device 
set on the PLC 2G-side. The data processing section 33 is realized by the CPU 115 executing a 
program stored in the ROM 116 or the like, for processing data inputted/outputted to/from the 
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target system 8, the dedicated protocx)! interface, etc. Likewise, as funct i on blocks i n tlie host 
computer ? e71 includes , th e r e are prov i d e d a screen display section 41 for executing screen 
display, a data processing section 42 for controlling the entirety of the host computer 7c, and a 
common protocol interface section 43 for communication with the common protocol. 

[0089] The foregoing data processing section 42 of the host computer 7c carries out a 
predetermined data processing operation, and displays a result of the operation on the display 
screen of the screen display section 41 . The data processing section 42 sends data to be 
transmitted to the common communication line 6 via the common protocol interface section 43. 
By so doing the data are transmitted on the common communication line 6 according to the 
common protocol. 

[0090] On the other hand, the data processing section 33 of each PLC 2c inputs/outputs signals 
with respect to the control-target device 9 of the target system 8 in accordance with the program 
set beforehand, as well as stores data of contents corresponding to a control state at that time 
(state data MD) in the state data storing memory 32 set in the memory unit 104. Incidentally, an 
address in the state data storing memory 32 at which the data are stored is determined, for 
example, according to the control-target device 9 and the like. The state data MD changed are 
sent according to the dedicated protocol to the programmable display device 3c via the 
dedicated protocol interface section 31 of the PLC 2c and the dedicated communication line 4, 
so as to be stored in the state data storing memory 17. Conversely, when data to change the 
state data MD in the PLC 2c are fed via the dedicated communication line 4 from the 
programmable display device-Sc, a control operation con^esponding to the changes in the data 
is carried out with respect to the control-target device 9. 

[0091] H e r e , i n th e pr e s e nt e mbodim e nt According to an aspect of the present invention , it is 
b e for e hand arranged beforehand that various kinds of data generated in the programmable 
display device 3c or taken into the programmable display device 3g from the PLC 2c are, 
automatically at uniform intervals, or appropriately in response to a command, fed to the host 
computer-^Zl, via the common communication line G. This enables to m i n i m i z e a lessening of 
memory capacity provided in each programmable display device-3G, and to manag e managing 
of all data aH-together by building up a database of data sent from all the programmable display 
devices-3G. 

[0092] Furthermore, i t i s a l so anrang e d that in each programmable display device-Sc, necessary 
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data can be retrieved from the host computer at an appropriate timing and displayed on the 
display screen D of each programmable display device-3c. or utilized in the control operation of 
the PLC^. Furthermore, it is also arrang e d that information regarding all the control devices 5 
can be obtained by the host computer 7c via any one of the display devices-3G. 

[0093] Furthennore. i n th e pr e sent e mbod i m e nt according to an aspect of the present invention , 
to manage all data for communication according to the dedicated protocols (protocol 
information) aH-together. a protocol database is built up in the host computer Te with the protocol 
information suitable to the PLC 2€ that could be connected with the programmable display 
devices-3€. 

[0094] In the foregoing control syst e m Ic systems , at an initial setting of the programmable 
display device-3G, the programmable display device Sg selects protocol information 
corresponding to the PLC 2g connected therewith from the protocol database stored in the host 
computer-^, and downloads the same via the common communication line S according to the 
common protocol. This enables mutual data transmission between the programmable display 
device 3g and the PLC 2g according to the dedicated protocol of the PLC-2g. 

[0095] Furthermore, the programmable display device Sc is set so that contents of data that the 
programmable display device 3€ processes are specified by using the foregoing processing 
instruction word W and the processing instruction word W is stored in the event data storing 
memory 122, while the state data MD of the PLC 2g referred to according to each processing 
instruction word W are maintained in the state data storing memory 17. 

[0096] Upon an end of the initial setting, a normal control operation is carried out. For instance, 
in the case where control of a second PLC 2bS '22Q is conducted using state data of a first PLC 
2€a22g, a processing instruction word i nstruct i ng as fol l ows is set beforehand as the processing 
instruction word set for the second display device ZbS 32Q^ and the state data of the first PLC 
3€a -22a a fe-is referred to and the second PLC 2gP -22Q executes a control operation based on 
the foregoing state data. 

[0097] In this state, when state data MD afe-is_sent to the first programmable display device 36 
from the first PLC 2€a -22a using the dedicated protocol thereof, the corresponding state data 
MD afe-is_updated in the state data storing memory 17 of the first programmable display device 
3ca. The state data MD thus updated are sent to the state data storing memory 47 in the 
second programmable display device 3g43 -32B using the common protocol in response to a 
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reading operation on the second programmable display device 307 Q32B side . 

[0098] Here, in the case where the processing instruction word W is set beforehand so that the 
updated state data MD are utilized in a control operation of the second PLC 2&S 22&f the state 
data MD afe-is_further transferred to the second PLC 2oS 22g, using the dedicated protocol. 
Thus, the control op e rat i on operations of the second PLC 20 -226 is caried out based on the 
data of the first PLC 2€a 22a . 

[0099] Conversely, in the case where state data MD taken in by the second programmable 
display device 3& -32B afe-is data to be processed by the foregoing programmable display 
device 30 32g, the data afe-is_processed by the second programmable display device 30 
without being transferred to the second PLC 20 22g. Then, display corresponding to the state 
data MD is executed on the display screen 0-of the display44G. 

[00100] Furthermore, in the case where data are sent from the host computer to the first 
PLC 2€a -22a so as to control the control-target device 0 connected with the foregoing PLC 
2€a22g, data afe-is.produced by adding an address specifying the first PLC 2ca-22q.to the data 
to be transmitted, and afe-!s_fed to the first programmable display device 3Gth32oLvia the 
common communication line § according to the common protocol. 

[00101] On the other hand, the-programmable display device 3€u32g, l ik e i n th e cas e where 
data afe-is_fed from another programmable display device-3G, judges whether the data fed 
thereto afe-is.data to be used by the- that programmable display device Seo -32a or the data is_to 
be used by the first PLC Sea 22g. In the case where they are judged to be the data for the PLC 
2€u 22g, they are transmitted to the PLC 29U 22g according to the dedicated protocol. 

[00102] Thus, even in the case where the data communication protocols are dedicated for the 
PLCs^, respectively, and hence different from each other, state data MD corresponding to a 
control state in the PLCs 2g can be transferred via the programmable display device 3g between 
a plurality of the PLCs 2c or between the PLC 2c and the host computer-^. 

[00103] I nc i d e nta ll y, th e d e scr i pt i on of th e pr e s e nt e mbodim e nt thus tak e s as an e xamp le th e 
cas e wh e r e Accordinq to an aspect of the present invention, the programmable display device 3€ 
has the state data (MD) in itself at all times, that is, the case where the state data storing 
memories 17 and 32 are provided in the programmable display device 3g and the PLC-2c, 
respectively, and the programmable display device 3c accesses the PLC 2c side regularily at 
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predetermined short intervals so that the data contents of the state data storing nnemories 17 
and 32 should coincide with each other. As explained in the d e scr i ption descriptions of the 
embodiments below, however, the state data may be taken from the PLC side as required, upon 
occurrence of a specific event or the like, for example. In the case where the state data storing 
memories 17 and 32 are provided on both sides, respectively, however, what has to be done is 
only designation of the programmable display device 3c connected with the PLC 2c and an 
address in the state data storing memory 17 in the programmable display device 3c, and there 
is no need to specify a PLC 2c in a format of a counterpart code, etc. 

[Fifth Embod i m e n t AspectI 

[00104] The following description will explain in more detail a protocol converting operation by 
m e ans of th e for e go i ng display device-3, while referring to Figures 10 through 13. I nc i d e nta ll y, 
tho m e mb e rs Members having the -a similar sam e structure (function) as those in the above- 
mentioned e mbod i m e nts w ill b e aspects of the invention are designated by the same reference 
numerals and their description will be omitted. 

[001 05] A display device 3d -103 i n accordanc e w i th th e pres e nt e mbod i m e nt is prov i d e d 
withindudes a protocol converting section 4 ^133 and a protocol information storing section 
18, in addition to the protocol interface sections 11 and 12 and the display section 14. The 
protocol converting section 4-3d- 133 executes protocol conversion between a dedicated protocol 
and a common protocol. The protocol information storing section 18 stores protocol information 
that is referred to upon protocol conversion. 

[00106] I n tho pr e sent embod i mont. protoco l Protocol information is divided into (i) a 
conversion table that shows correspondence between infomnation specific to the PLCs 2c such 
as command data and information of the common protocol corresponding to the specific 
information, and (ii) a format of transfer information transferred to/from the PLC 2c (format 
information), and are stored in a conversion table storing section 4^ 181 and a format 
information storing section 48b182, respectively. Incidentally, the storing sections 18 (18a and 
4^ e.g. 181. 182 can be roalizod as regions on the RAM 117 shown in Figure 5, for instance. 

[00107] More specifically, in a dedicated or common protocol used in a control system ld-101 
in accordance with an aspect of the present embodim e nt invention , a fomriat in which 
information to be transfen^ed is provided between a start code and an end code as shown in 
Figure 11, like a general asynchronous system data transfer format, is specified as a 
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asynchronous system data transfer format C. Data transfer formats specified by PLC 
manufacturers, however, differ in not only start codes and end codes, but. also contents of data 
contained in the transferred infonnation and the order of data provided therein. 

[00108] Here, i n th e pr e s e nt e mbodiment, a fomriat Cr for data reading and a fomiat Cw for 
data writing are specified as data transfer fomriats to be transferred via the common 
communication line 6. More specifically, in addition to a counterpart code for specifying a device 
to which data are transmitted (for instance, "A*B ...") and a common code (for instance. "01") for 
uniformly specifying a command to be executed (reading command), the data-reading-use 
fonmat Cr further includes an address (for instance, "X0001") at which the reading should be 
started, and a size of data to be read, as relevant information attached to the common code. 
Furthermore, in addition to the counterpart code and the common code that instructs the data 
writing, the format Cw specified for data writing further includes an address at which the writing 
should be started, and data to be written as relevant information. Th e e ach Each of the fonnats 
Cr and Cw is expressed as data obtained by providing the included data in series with use of 
ASCII codes of sexadecimal notation. 

[00109] Between commands having the same contents among commands comprehensible to 
each PLC-2€, the foregoing common codes are made uniform, irrespective of command codes 
at the dedicated communication lines 4 (command at each PLC-2€). Besides, for instance, an 
order of data of relevant information such as a reading start address and a reading data size in 
which the data are transmitted, and expression of data when the data are transmitted, are also 
made uniform irrespective of the dedicated protocols. This allows the common protocol to 
uniformly specify a command to be executed, irrespective of PLCs-2€. 

[00110] Here, since correspondence between a certain common code and a command code 
(specific code) at the dedicated communication line 4 in one PLC 2c differs from that of another 
PLC-29, a conversion table in which each common code and a specific code of the PLC 2b 
currently connected corresponding to the foregoing common code are paired is formed, as 
shown in Figure 13. Therefore, the display device 3d -103 can convert a common code to a 
specific code or vice versa, referring to the conversion table corresponding to the dedicated 
protocol. Furthermore, for instance, the dedicated protocol for protocol conversion can be 
changed by changing a conversion table used for protocol conversion from a conversion table 
TBLa for a dedicated protocol a to a conversion table TBLp for a dedicated protocol p. 
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[00111 J On the other hand, as shown in Figure 12, the foregoing fomiat information FMT is. 
among data streams Da transmitted via the dedicated communication line 4, a data stream on a 
skeleton in which portions that may change depending on contents of data to be actually 
transmitted, such as the contents of data to be read/written per se, a size of the data, or 
addresses for reading/writing are undefined, and only purposes of use are defined regarding the 
undefined portions. Incidentally, if the regions for command are undefined, in the case where 
format information FMT extracted from data streams actually transmitted is common among a 
plurality of commands, the regions for the foregoing command may be undefined also, so that 
format information FMT common among these commands can be used. 

[00112] The foregoing format information and conversion tables are stored in a protocol data 
base of the host computer 7€ as the aforementioned protocol information corresponding to each 
dedicated protocol, while protocol information corresponding to the PLC 2g connected to the 
display device 3d is read upon initial setting of the display device 3d and is stored via the 
common communication line 6 in the foregoing conversion table storing section 43a -181 and the 
format information storing section 43b182. 

[00113] In the foregoing arrangement, pieces of protocol information corresponding to 
respective dedicated protocols are individually provided as format infonnation FMT and 
conversion tables. Therefore, by switching the protocol information depending on a type of an 
apparatus, data communication according to a particular dedicated protocol is enabled. 

[001 14] Here, the control system ld -101 in accordance with the procont ombod i mont i s 
charact e riz e d in that th e has a data transfer format specified as common communication 
protocol as described above is-used as often as possible at the reading/writing of data from/to 
the display device 3d to the PLC-2G, as well as at other occasions (for instance, upon display at 
the display device-3d, and upon setting of preset data). Consequently, operations except 
control, such as a displaying operation and an operation of setting preset data, need not be 
changed for each dedicated protocol. Therefore, steps in the processes of development, 
management, and maintenance of software can be decreased. 

[001 15] The following description will explain protocol conversion using the foregoing format 
information FMT and conversion table while referring to Figure 14. Incidentally, the control 
svstem 4d- 141 shown in Figure 14, unlike the control system 4^ 90 shown in Figure 9. adopts 
a method in which the state data storing memory is provided only in the PLC 2e and the display 
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device 3d reads the state data MD from the state data storing memory 32 in the PLC 2g upon 
necessity, as another method for state data transfer between the PLC 2g and the display device 
3d. 

[001 1 6] For instance, in the case where the second PLC 3d€h22B is caus e d to e x e cut e 
executes a control operation by utilizing a change in the state data MD in the first PLC 2m 22a , 
the second display device 3dg -34a is set so as to refer to the state data MD of the first PLC 2ca 
22a in response to a processing instruction word set in the second display device 3d€h34a, and 
the second PLC 20 -22B is set so as to execute a control operation based on the state data MD. 

[00117] In this state, via the common communication line 6, a data reading command is 
launched in the data-reading-use data transfer format Cr shown in Figure 11 to the first PLC 2g& 
22a , the protocol converting section 43d -133 of the first display device 3dq -34a refers to the 
conversion table storing section 43a181, to convert the common code in the transferred 
information to a specific code. Further, the protocol converting section 4-3d -1 33 refers to the 
format information storing section +8b182, to apply necessary data such as a specific code, an 
address, a size, etc. to undefined portions of the format information FMT, thereby converting the 
same into a dedicated format. Thereafter, the data are transferred to the first PLC 2€q -22a via 
the dedicated communication line 4. Incidentally, as to an address and a size of data transmitted 
according to the dedicated protocol, expression formats (for instance, a bit width), if different 
from that of the common protocol, are converted by a predetermined procedure. 

[00118] The first PLC 2€a -22a receiving the data analyzes contents of the data, and retrieves 
necessary data from the state data storing memory 32. Thereafter, necessary data are sent 
from the first PLC 2Ge h22a to the first display device 3dq -34a according to the dedicated 
communication protocol. 

[001 19] On the other hand, the first display device 3€[q -34a analyzes contents of the received 
data, refemng to the conversion table storing section 48a -181 and the format information storing 
section 48b182. In the case where the data are judged to be the data last time requested for 
reading and further in the case where a processing instruction word W is beforehand set in the 
data so as to be used in a control operation of the second PLC 22B . the first display device 
3d -34a designates the second PLC 2eQ -22Q as the counterpart code, and sends the same to 
the second display device 3d8-34B by using the common protocol. Thus, an operation of 
controlling the second PLC 2gQ -22Q based on the first PLC 2€a2g Is executed. 
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[00120] Incidentally, the data sent to the second display device 3d6 -343 ar e to b e js processed 
only by the display device 34g. the data afe-is_processed in the second display device 3^ 
34B without being transferred to the second PLC 2g-^ 22g. and display con-esponding to the 
display screen D of the display section 14 is executed. 

[00121] Furthermore, in the case where data ar&-is_transferred from the host computer 7g-71 
to the first PLC 2€a -22a so that the control-target device 9 connected to the first PLC 2GG-22a 
should be controlled, the counterpart code and address for specifying the first PLC 2€q -22a are 
attached to the data to be transmitted. The resultant data afe-is.transmitted to the first display 
device 3d€h 34a via the common communication line 6 according to the common 
communication protocol. 

[001 22] At th e occas i on, th e The first display device 3da iudq e s 34a determines whether the 
data transmitted thereto afe-is_to be used in the display device 3da -34a or to be used by the first 
PLC 2e a22a . referring to the counterpart code. In the case where the data afe-is_to be used by 
the first PLC 2€a22g, the data afe-is.transmitted to the first PLC 3€a -22a side in a manner 
identical to that described above, by using the dedicated communication protocol. 

[00123] Incidentally, in the above description of the present embodiment, a case where a 
plurality of devices to be subjected to data access are present and a counterpart code is 
specified is taken as an example. However, in the case where the counterpart of data 
communication is specified beforehand, the counterpart code is unnecessary. 

[Sixth Embod i m e n t AspectI 

[00124] Prior to protocol conversion of the foregoing display device, the dedicated protocol 
subjected to conversion has to be selected according to a control unit (PLC). This selection of 
the dedicated protocol may be carried out beforehand by the user of the display device. 
However, to save labor and time for setting and to prevent errors in setting, a dedicated protocol 
is preferably selected automatically by the display device. The following description will explain 
a display device 3e -131 capable of automatically selecting a dedicated protocol, while referring 
to Figures 15 through 17. In the following description, for conveniences' sake, a case where 
dedicated protocols of PLCs that can possibly be connected with the display device are four 
kinds, "a, a2, p, and y" is taken as an example, but the numb e r numbers can be appropriately 
increased or decreased, needless to say. 
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[00125] More specifically, as shown in Figure 15, a display device 3e -151 in accordance with 
the an aspect of the present e mbodim e nt invention is provided with a protocol determining data 
storing section 4 ^1 83 f or storing a correspondence table for dedicated protocol determination 
use, in addition to the arrangement of the display device 3d- 103 shown in Figure 10. 

[00126] The correspondence table is a table in which response codes upon issuance of 
predetermined protocol-determination-use commands (for instance, "00") are listed up with 
respect to dedicated protocols, as shown in Figure 4€(a)16A. Selected as the protocol- 
determination-use commands are commands such that response data as different as possible 
from each other can be obtained so as to correspond to differences between the communication 
protocols. Here, as shown in the correspondence table of Figure 16(a) 16A , the same response 
codes are returned like the cases of the dedicated protocols a and a2. In this case, another 
determination-use command (for instance, "01") is set, and a table of correspondences between 
the dedicated protocols and response data is prepared as shown in Figure 16(b) 16B , so that 
determination of a dedicated protocol should be ensured according to a combination of a 
response code with each protocol-determination-use command. 

[00127] In the foregoing arrangement, actuation of the system at a-etea an operation 1 (ST1) in 
the flowchart shown in Figure 17 is followed by a communication protocol determination process 
that starts at a-ste ooperation 2. In this process, first of a l l, at the-ste eoperation 2, a protocol 
determination command like "00" is fed from the display device 3e- 131 to the PLC 2c. 

[00128] At a-ste 0operation 3, in the case where there is no response from the PLC-2e, it is 
determined that data communication per se with the PLC 2g is not established. Then, in the 
case where it is determined that all the protocols have been checked at a-ste eoperation 4, it is 
determined that the PLC 2g is not connected or that its protocol is a protocol other than the 
prepared ones, and the operation proceeds to a-ste aoperation 5, where the determining 
operation ends. On the other hand, in the case where it is determined at the stee -operation 4 
that there remains a protocol to be checked next, a protocol applied at a stee- operation 6 is 
changed, and the flow returns to the ste& ^peration 2 so that the aforementioned processing 
operation should be repeated. Incidentally, each protocol is selected in correspondence to the 
PLC 2€ that can possibly be connected with the display device, and it is prepared beforehand in 
a form like protocol infonmation stored in the protocol information storing section 18. The 
protocol infomnation is. for instance, downloaded at the initial setting stage, from a protocol data 
base stored in the data processing device 7, or the like. 
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[00129] Furthermore, confirmation of a response from the PLC 2g at the stee -operation 3 is 
followed by the proceeding to a step 7 where a correspondence table regarding to a protocol 
detemnination command sent, among the correspondence tables stored in the protocol 
information storing section 18, is referred to, and a protocol corresponding to the response code 
is detemnined. For instance, in the con^espondence table shown in Figure 16fa) 16A . the 
communication protocol is determined to be "P" in the case where the response code is "20", 
while the protocol is determined to be "y" in the case where the response code is "30". 
Therefore, after the communication protocol to be used is confirmed at the step- operation 8, a 
normal data processing operation at a st e p operation 10 is maintained. 

[00130] In the case where the response code confimned at the step -operation 7 is "10", the 
communication protocol can possibly be or "a" or "a2", and hence cannot be determined. 
Therefore, this is followed by return to the step- operation 1 , where the determination command 
is changed to "01" and an identical determining operation is carried out. In this case, as shown 
in Figure 4§(fe)16B» the protocol is determined to be "a" in the case where the response code is 
"01", while the protocol is determined to be "a2" in the case where the response code is "02". In 
the case where the response code is anything other than those, the communication protocol is 
determined to be something other than those prepared. 

[00131] Furthermore, in the case where a communication error occurs at th e st e p operation 9 
during a normal data processing operation, it is presumed that a changing operation such that 
the PLC 2g connected to the display device 3e -131 is changed to another took place. In such a 
case, the flow returns to the communication protocol determining process that starts with the 
ste poperation 2, in which a communication protocol suitable to the PLC 2g is automatically set. 
This enables to complete the communication protocol setting operation, without an initial setting 
operation in a state in which the display device 3e is suspended. 

[Seventh Embodim e nt AspectI 

[001 32] The following description of an aspect of the present ombod i mont invention w ill 
explain an arrangement of a host computer 7f of a control system tf -187 in more detail, while 
referring to Figure 18. A host computer ?f-87for control use includes a common protocol 
interface section 51 for communication with the comm.on network 6, various processing sections 
52, and a server section 53. The processing sections 52 include user processing sections 52a 
521 through §2e-523_for display or control of the state of the target system 8 of the host 
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computer 7f87. and a setting section §20 -524 for executing the setting of the whole control 
system tf187 . The server section 53 is provided between the processing section 52 and the 
common protocol interface section 51 , so as to control the common protocol interface section in 
response to a request from the processing sections or the like. Furthermore, in the server 
section 53, in addition to a data processing section 55 that controls the common protocol 
interface section 51 so as to cyclically store data from each PLC to a storing section 54. there 
are provided a DDE server section 56, a function processing section 57. and a function simple- 
processing section 58. so that the data processing section 55 and the various processing 
section 52 communicate each other through a plurality of procedures. 

[00133] The foregoing DDE server section 56 can funct i on functions as a server for dynamic 
data exchange (DDE) defined by an operating system. Therefore, in the case where the 
processing section 52 is a user processing section §2a -521 capable of operating as a DDE 
client, the user processing section 52a -521 and the DDE server section 56 can transmit data 
mutually without troubles. 

[00134] Thus, since the server section 53 in accordance with th e pr e s e nt e mbod i m e nt an 
aspect of the invention is provided with the DDE server 56, the processing sections 52 
conv e nt i onal l y us e d previouslv described are applicable for the foregoing purpose as long as the 
processing sections 52 are capable of functioning as clients in DDE. Incidentally, in the case 
where the control system tf- 187 has been used since before, the processing sections 52 are 
eften-specialized for the- each control system If e ach 187, and it is often bothersome to produce 
new processing sections 52. Besides, the processing sections 52 are often arranged so as to 
transmit data through a procedure defined by the operating system of the host computer 7f87, 
such as DDE, so as to be associated with another application that operates on the operating 
system of the host computer 7f87. Therefore, in many cases, the conv e ntiona l processing 
sections 52 can be applied without troubles. 

[00135] Furthermore, since the foregoing DDE is defined by the operating system, relatively 
many applications that are available in the market can operate as DDE clients. Therefore 
conv e nt i ona ll y , even in the case where the processing sections 52 are not used, a user 
processing section 52a -521 can be relatively easily prepared by using these applications. 

[00136] Furthermore, as described above, each display device 3f -318, including data 
processing section and the host computer 7f-87 communicate mutually according to the 
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common protocol, irrespective of a type of tiie PLC 2g connected with the display device 31318. 
Therefore, when the PLC 2g connected with the display device 3f is changed or when a newly 
developed PLC 2g is connected thereto, the foregoing DDE server section 56 need not change 
its operation. Consequently, time and labor for developing programs of the host computer 7f-87 
can be drastically saved as compared with the case where different DDE server sections 56 are 
prepared for each PLC 2g as conventionally, and therefore, time and labor can be saved upon 
incorporation of a new PLC 2g to the control system i f 187 . 

[00137] Incidentally, the foregoing DDE is a procedure defined by the operating system for 
dynamic data exchange between various applications, and is not necessarily optimized for 
control of the control-target devices 9. In result, in the case where the data exchange with the 
processing sections 52 is limited to DDE, the processing rate can possibly decrease, and some 
processing operations cannot be executed. Consequently, the server section 53 in accordance 
with the present embodiment is provided with the function processing section 57 and the 
function simple-processing section 58, for exchange of data with the processing sections 52 by 
a procedure other than DDE. 

[00138] The foregoing function processing sections 57 and 58 are interfaces between the 
foregoing data processing section 55 and the processing sections 52 that require a processing 
operation that cannot be executed or whose processing rate is insufficient in the case of data 
exchange by DDE, such as the user processing section §2b -522 or 52€ -523 that executes 
higher-level processing operations as compared with the user processing section 52a 521 , or 
the setting section §2d- 524 that executes the setting of the whole control system if 187. For 
instance, the function processing sections 57 and 58 can be realized as DLL (dynamic link 
library) in Windows as the operating system of Microsoft Co. Among the function processing 
sections 57 and 58, the function processing section 57 includes as recallable functions all the 
functions that the data processing section 55 can possibly be requested to do by the processing 
sections 52, such as all the settings conducted by the setting section 524524. display and 
control of data from the control-target devices 9. the PLCs-2€, and the display devices 3f318. 
etc. Incidentally, the foregoing settings include the setting upon incorporation of a display device 
3 ^318 into the common network 6, the setting of each PLC 2g connected with each display 
device 3f318. and the setting of relationship between the control-target devices 9 and device 
addresses. Thus, the processing sections 52 can control all the functions of the data processing 
section 55 by recalling each function of the function processing section 57. 
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[00139] For instance, in the case of a function for reading data from a control-target device 9, 
an IP address of a display device 3f 318, a name of the control-target device 9, etc. are given as 
arguments, while success/failure of the reading, data read out, etc. are returned as returned 
values, like in the DDE case. The function is optimized for data reading from the control-target 
device 9, unlike the DDE case. Therefore, an amount of data transmitted from the processing 
sections 52 to the data processing section 55 or processed therein upon reading of data can be 
decreased. Furthermore, the link setting is unnecessary. Therefore, in the case of an identical 
processing operation, the processing rate can be improved, as compared with the DDE case. 
Furthermore, in the case where an optimal procedure is different even with respect to a similar 
processing operation, functions are prepared for respective processing operations so that the 
processing operations can be carried out through the optimal procedures, respectively. 
Therefore, by selecting and using an optimal function for each processing operation, the 
processing rate can be improved as compared with the later-described case where the function 
simple-processing section 78 is utilized. Furthermore, processing operations such as settings of 
various kinds and transmission of data at specified timings, which cannot be defined by DDE, 
can be realized. 

[00140] On the other hand, in the function simple-processing section 58, there are provided, 
among the functions prepared by the function processing section 57, only functions that can be 
used relatively easily and that cannot be executed at a sufficient speed by DDE. Functions 
satisfying the foregoing requirements include a function for reading data from a PLC 2g via a 
display device 3f318, and a function for writing data from a PLC 2g via a display device 3f318. 
These functions do not provide return values before the writing and reading operations are 
completed, whereby control is not returned to the processing sections 52. Incidentally, in the 
present embodiment, the functions are realized by recall of functions in the function processing 
section 57 by the function simple-processing section 58, but the function simple-processing 
section 58 may control the data processing section 55 directly. 

[00141] Thus, as to the function simple-processing section 58, the number of functions 
prepared, the number of arguments, and the timings for return of control to the processing 
sections 52 as recalled are further limited, as compared with the case of the function processing 
section 57. Therefore, use of only the functions of the function simple-processing section 58 in 
producing the user processing section §2b -522 enables to save time and labor for selecting 
optimal functions from among similar functions, time and labor for conducting the setting of 
arguments and the initial setting in order to use optimal functions, and time and labor for 
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considering timings of control. Consequently, though the processing rate is higher than in the 
DDE case, the user processing section §2b -522 can be created relatively easily. 

[00142] Here, since the host computer 87 communicates according to the common 
protocol, the foregoing function processing section 57 or the function simple-processing section 
58 need not change its operation, even in the case where the PLC 2g connected to the display 
device 3f is changed or in the case where a newly developed PLC 2g is connected thereto. 
Consequently, time and labor for developing a program of the host computer 7f-87 can be 
drastically saved, as compared with the case where different function processing sections 57 
and different function simple-processing sections 58 are prepared for each PLC-2e. Therefore, 
time and labor required upon incorporation of a new PLC 2g in the control system if -187 can be 
saved. 

[00143] Additionally, the server section 53 in accordance with the present e mbod i m e nt aspect 
is equipped with the two function processing sections 57 and 58 whose degrees of difficulty in 
recalling differ from each other. Therefore, the developer of the server section 53 is allowed to 
recommend use of the function processing section 57 or use of the function simple-processing 
section 58 depending on respective expertise of the developers of the processing sections 52 
and respective necessary functions of the processing sections 52. Consequently, errors of the 
control system tf- 187 caused by a mistake of the developers of the processing sections 52 can 
be prevented more surely, as compared with the case where only the function processing 
section 57 is provided, in spite of that more complex or higher-speed processing is possible as 
compared with the case where only the function simple-processing section 58 is provided. 
Incidentally, the present embodiment is explained by taking as an example the case where there 
are two different degrees of difficulty of the function processing sections, but a plurality of 
function processing sections with different degrees of difficulty may be provided so that the 
same effect can be achieved. 

[00144] Furthermore, in the foregoing embodiment, there is provided the DDE server section 
56 that is capable of recalling data through a simpler procedure than those of the function 
processing sections 57 and 58, and data can be exchanged to some extent without 
development of the processing sections 52. Therefore, errors upon development of the 
processing sections 52 can be further reduced, whereby errors in operations of the control 
system tf- 187 can be prevented. 
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[Eighth Embod i m e nt AspectI 



[00145] Incidentally, the foregoing first through seventh e mbodim e nts aspects of the present 
invention are described by taking as an example the case where data transmitted through the 
common communication line 6 are mainly data for control of the control unit 2, but identical 
effects such as reduction of time and labor in development, management, and maintenance of 
the control system 1 can be achieved in the case where other data such as image data like 
background images, initial values, or application programs are transmitted. 

[00146] The following description will explain, as an embodiment of the present invention, the 
case where characters and image data to be used in infomnation display concerning PLC control 
are transmitted, while referring to Figures 19 through 21. 

[00147] Figure 19 is a block diagram schematically illustrating a control system 4^ 191 in 
accordance with an e mbod i m e nt aspect of the present invention. PLCs 2ca, 2cp, and 2cy 
control control-target devices 8a-91 such as a motor and an electro-magnetic valve, among 
control-target devices 9, in response to a control output of a host computer 7§197. Further, the 
PLCs 2ca, 2cp, and 2cv detect controlled states of the foregoing control-target devices 8a91, by 
means of sensors 9b -199 among the control-target devices 9, and transmit the detected results 
to the host computer 7g197, so that the results are used in display and calculation, and further, 
analysis, of the foregoing control output, as well as they are subjected to image display by 
means of corresponding display devices 3ga, 3gp, and Sgy. Thus, the foregoing control device 
controls manufacturing devices, manufacturing lines, etc. 

[00148] Incidentally, in the example shown in Figure 19, three PLCs with reference codes 2ca, 
2cp. and 2cy are provided, but needless to say, one, or two, or not le ss than fou r more PLCs 
may be provided, and a plurality of the host computers 7§-197_may be provided. In the example 
shown in Figure 19. control-target devices 9a-91 and sensors 8b -199 corresponding to the PLCs 
2cp and 2cy are omitted for simplification of the drawing. 

[00149] The PLCs 2ca, 2cp, and 2cy 22a. 22B. and 22v are connected to the display devices 
3ga, 3gp, and Sgy 193a, 193B. and 193v corresponding thereto with use of connection cables 
4ga, ^gp, and ^gy 194a. 194B. and 194v as the foregoing dedicated communication lines, 
respectively, so that data transmission should be carried out according to dedicated protocols a, 
,P. and Y. that are predetermined according to manufacturers and versions of the PLCs 2g&t 
2cB. and 2cv 22a. 22B. and 22v . 
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[001 50] What should be noted is that the display devices 3g a, 3g(3, and Sgy 193a. 193B, and 
193v in accordance with the present e mbod i m e nt aspect are provided between the PLCs 2g&t 
2cp, and 2cy 22a. 22B. and 22v and the host computer 7§ 197, respectively, unlike in the 
conventional cases. The display devices 193a. 193B. and 193v have been developed as 
personal-computer-applied devices that are therefore capable of easily executing 
communication with general-use personal computers according to a general-use protocol 6. On 
the other hand, the dedicated protocols a, p, and y have been developed with respect to the 
corresponding to the PLCs 2ca, 2cp, and 2cy 22a. 22B. and 22v . respectively, to which the 
display devices are necessarily connected. 

[00151] Therefore, the display devices 3ga, 3gp, and Sgy 193a. 193B. and 193v that are 
connected with the host computer 7e -197 via the common communication line 6 realized by a 
network circuit such as Eath e rn e t an Ethernet (registered trademark), and a common protocol, 
such as a protocol for the TCP/IP, is used as the protocol for the above communication. Thus, 
protocol conversion between the protocol 6 and the protocols a, p, and y is performed by the 
display devices 3ga, 3gp, and 3gY 193a. 193B. and 193v . respectively. 

[00152] The common communication line 6 is connectable, for maintenance or the like, with 
an external host 10 provided at a distance, for example, at manufacturers of the display devices 
3ga, 3gP, and 3gY 193a. 193B. and 193v . respectively, via routers or public telephone lines. 

[00153] In the host computer 7§ 197, a network file 62 composed of node information 
concerning which node is connected with what type of a display device, symbol names of 
control-target devices and sensors connected with the PLCs 2ca, 2oP, and 2cy 22a. 22B. and 
22y, is formed beforehand by a setting section 61, and respective control outputs to the PLCs 
2ca, 2cp, and 2cy 22a. 22B. and 22v are transmitted to the common communication line 6 via a 
common protocol interface section 64 from an application section 63, with reference to the 
network file 62. The control outputs are transmitted to the PLCs 2ca, 2cp, and 2cy 22a. 22B. 
and 22v via the display devices 3fa, 3fp, and 3fY 193a. 193B. and 193v . respectively, so as to 
cause the control-target apparatus 9a to be subjected to control in response to the control 
outputs. Further, when a control state such as a detection result of the sensor 9b -199 is sent out 
from each display device^, the data are returned to the application section 63 via the common 
protocol interface section 64, so as to be used in the display, calculation and analysis of control 
outputs. 
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[00154] Furthermore, in the host computer 7§ 197. image data of images displayed on display 
screens of the display devices 3ga, 3gB, and 3qv 193a,193B, and 193v , conversion data for 
conversion between the protocols a, p, and y and the common protocol 6, etc. are registered 
beforehand in a data file 65. The image data are fed to a display device necessitating the same 
via the common protocol interface section 64, upon maintenance such as a change to a product 
to be processed or an order of processing. The conversion data afe-is fed to a display device 
necessitating the same via the common protocol interface section 64. upon maintenance such 
as a change to a PLC to be connected with the common communication line 6. 

[00155] In response to this, each display device 3g (3ga, 3gP, and 3gY) 193a, 193B. and 193v 
i s compos e d of has a dedicated protocol interface section 11 connected with the PLC-2g. a 
common protocol interface section 12 connected with the host computer 7a 197 . a protocol 
conversion circuit 43q -1 39 for mutual conversion of the protocols, a display panel 44§ 194 as 
the display section44, an input section 4§§ 15, and an image memory 19. Command data afe-is 
attached to the foregoing control output or image data as will be described later, so that the 
common protocol interface section 12 along with the protocol conversion section 43§ 139 
executes protocol conversion in the case where the command data are a control output, or 
writes the data into the image memory 19 in the case where the data are image data. Upon 
completion of updating of the image memory 19, displayed contents on the display panel 44§ 
194 are updated. The image memory 19 stores, for example, invariable characters and image 
data such as a background screen illustrating manufacturing lines with names of control-target 
devices and units attached thereto. Variable data representing a control state inputted from the 
protocol conversion circuit 4 ^1 39 are synthesized with the foregoing character and image 
data, and an image of the same is displayed by the display panel 44§ 194. 

[001 56] The display devices 3ga. 3gp. and 3gY 193a. 193B. and 193v are integrally 
incorporated along with the corresponding PLCs 2c a, 2cp, and 2cy 22a. 22B, and 22v in an 
operation desk of manufacturing lines or the like, or are independently provided, so as to be 
used as a control panel or the like. On a front side of the display panel 44§ 194, an input section 
4§§ 15 such as a touch panel is provided, and data input, indirect control of a control-target 
device 9a 91. etc. can be executed in response to an inputted result. The display devices Sgoy 
3gp, and 3gY 193a. 193B. and 193v are arranged substantially identical to a generally-used 
personal computer as described above, and in each, a central processing unit, memories like 
ROM and RAM, an external memory device such as a hard disk device, a graphic controller, 
and a communication controller are connected mutually. 
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[00157] Figure 20 is a view of an example of a data format, illustrating a data format D6 
according to the common protocol 6 on the common communication line 6, and data formats Da 
through Dy according to the protocols dedicated for the PLCs 2ca to 2cv 22a to 22v . 
respectively. The figure exemplifies a case where the foregoing common communication line 6 
is Eath e rn e t an Ethernet . 

[00158] More specifically, the protocol 6 on the common communication line 6 side is 
arranged so that normal main data following to header data Dl and D2 are divided into 
command data D31 and main data D32. The command data D31 represent a command such as 
writing or reading, and at the same time, in the present embodiment, they also indicate whether 
it is normal data communication between the PLCs 2ca, 2cp, and 2cy 22a. 22B. and 22v and the 
host computer 7§, or it is a downloading operation of image data from the host computer 7§ to 
the image memories 19 in the display devices 3ga, 3gp, and Sgy 193a. 193B. and 193v . 

[00159] Each of the protocols a, |3, and y on the PLCs 2ca, 2cp, and 2cy 22a. 22B. and 22v 
sides is composed of, following to a header dl, command data d2, address data d3, main data 
d4, and end data d5. The main data D32 are composed of address data d3 of the foregoing 
control-target devices 9a-91 and sensors Qg199. etc., and main data d4 representing numerical 
values and ON/OFF information. 

[00160] The common protocol interface section 12 and the protocol conversion section 43§ 
139 constitute a 2-way driver that executes communication with the host computer 7§-197_as 
well as communication with the PLCs 2ca, 2cp, and 2cy 22a. 22B, and 22v , and conducts 
protocol conversion of data inputted/outputted by using protocol conversion data supplied from 
the foregoing data file 65 at real time. 

[00161] Such protocol conversion can be conducted by using conversion tables for conversion 
between the foregoing protocol 6 common on the common communication line 6 and the 
respective protocols a, p, and y dedicated for the PLCs 2ca, 2cp, and 2cy 22a.22B. and 22v. 
conversion functions, etc., and such tables or functions are stored beforehand in the 
aforementioned data file 25, so as to be selected upon creation of the network file 62 for the 
setting of types of the display devices 3ga, 3gp, and 3gY 193a. 193B. and 193v that are 
respectively connected with the aforementioned nodes, and to be set in the protocol conversion 
section +3§ 139. 

[00162] Figure 21 is a timing chart for explaining downloading operation of image data from 
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the host computer 7 ^1 97 or the external host 10 to the image memories 19 of the display 
devices 3go, 3gp, and Sgy 193a. 193B and 193v . At a st e p operation si . the host side conducts 
a node search for searching which node is connected with what type of a display device, and at 
a stop operation s2 the display devices 3ga, 3gp, and 3gY 193a. 193B. and 193v successively 
respond thereto, along with status infomiation including indication of the nodes connected 
therewith, as well as their types. 

[00163] At a st e p operation s3. image-data-transmission start data are fed from the host side, 
and at a st e p operation s4. acknowledge is returned from the display side. Then, at a s t e p 
operation s5, actual transmission of image data is started. Upon completion of transmission of 
one packet of image data at th e s t e p operation s5, acknowledge is returned from the display 
side as shown at a step s6 in the figure. Then, upon completion of downloading of a 
predetermined amount of display data, that is, an entirety or a part of the image data of one 
display screen, image-data-transmission end data are supplied from the host side as shown by 
a st e p operation s7. Then, upon return of acknowledge from the display side at a st e p operation 
s8, transmission of image data ends. 

[00164] As described above, in the present embodiment, unlike in conventional cases, display 
devices 3ga, 3gp, and 3gY 193a. 193B. and 193v that excel in computation and that have high 
applicability to data communication are provided between the PLCs 2ca, 2cp, and 2cy 22a. 22B. 
and 22v and the host computer 7§-197_or the external host 10. Therefore, it is possible to 
transmit control outputs from the host computer 7§ 197, control state data from the PLCs 2g&j 
2cp, and 2cy 22a. 22B. and 22v . etc. without difficulties via the display devices to the PLCs Zgoj 
2cp, and 2gy 22a. 22B. and 22v and the host computer 7§ 197. On the other hand, since it is 
possible to download image data directly to the image memory 19 via the common 
communication line 6 from the host computer 7q -197 or the external host 10, there is no need to 
carry out complex operations each time a product or a producing method is changed, such as 
an operation of taking a personal computer or the like for the downloading use into a 
manufacturing site, changing the wire connection, and downloading the data. Thus, it is possible 
to extremely improve the workability. 

[00165] Furthermore, there is no need to temporarily stop the functions of the display devices 
193a. 193B. and 193v 3ga, 3gp, and 3gY upon downloading, for example, to once turn the 
display devices 193a. 193B. and 193v 3ga, 3gp, and 3gY into offline states, then download data, 
and thereafter again turn them into online states. Moreover, since it is possible to successively 
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download data to the display devices 193a. 193B. and 193v 3ga, 3gp, and Sgy without changing 
the wire connection as described above, a time while the line is stopped can be extremely 
decreased. 

[00166] Furthermore, since protocol conversion between the dedicated protocols a, p, and y 
and the common protocol 6 is performed by the display devices 193a. 193B, and 193v 3ga. 3gp, 
and 3gY , respective programs with different protocols dedicated for the PLCs 22a. 22B. and 22v 
2ca, 2cp, and 2cy need not be provided on the host computer 7§-197_side, and a program can 
be produced with the common protocol 6. Thus, steps for producing a program can be 
drastically simplified. 

[Ninth Embod i m e nt Aspect] 

[00167] The following description of an embodiment of the present invention will explain 
another example of data transmitted through the common communication line 6, referring to 
Figures 22 and 23(a) 23A through 2S(§) 23G . In the example, preset data that are set 
beforehand in the control unit 2 and/or the display devices 3, like initial values or application 
programs, are transmitted. 

[00168] Figure 22 is a block diagram illustrating a functional arrangement of a control device in 
accordance with another e mbod i m e nt aspect of the present invention that is similar to the 
arrangement shown in Figure 19 described above, in which the members having th e sam e a 
similar structure (function) as those in the above-mentioned e mbod i m e nts aspects will be 
designated by the same reference numerals and their description will be omitted. In the present 
e mbod i m e nt aspect , a memory 20 is provided in each of the display devices 3ha, 3hp, and Shy 
322a. 3223, and 322v . In the memory 20, like the image memory 19, data afe is_installed by 
downloading the same from the host computer 7§ 227. The data thus installed are preset data 
such as application programs or initial values, for example, and may be preset data for the 
display devices 322a. 3223. and 322v 3ha, 3hp, and Shy , or may be preset data for the PLCs 
22a. 223. and 22v 2c a, 2cB. and 2cv . 

[00169] In the case where preset data afe is_downloaded, preset data afe is.transmitted 
according to the common protocol 6 via the common communication line 6 from the host 
computer 7g, and the common protocol interface section 12 determines based on the 
aforementioned command data that the data are preset data to be installed, and causes the 
data to be stored in the memory 20. In the case where the preset data thus stored afe is_data for 
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the PLCs 22a, 22B, and 22v Sea, 3cp, and 3gy , the display devices 322a, 322B, and 322v 
3hp, and 3hY output commands for stop of operations to the PLCs 22a, 22B. and 22v 2 Ga, 2gP, 
and 2gy , and thereafter, the preset data thus stored are successively subjected to protocol 
conversion by the common protocol interface section 12 and the protocol conversion section 
13h, and are transmitted to the PLCs 22a. 22B. and 22v 2ca, 2cp, and 2cy . Upon completion of 
the transmission, a command for resumption of operations is outputted thereto. 

[00170] Figures 23(a) 23A through 23(§) 23G are views illustrating an example of a data 
fomnat of data to be downloaded to the display devices 322a. 322B, and 322v 3ha, 3hp, and 
3hY. Figure 23(a) 23A illustrates the main data D32 in Figure 20, which in the present 
embodiment are further divided into a header D321 and data D322. The header D321 is 
composed of type data D3211 and number data D3212. The foregoing type data D3211 
represent a rough classification regarding which type of data the data D322 following thereto 
are, the foregoing image data, the system setting data, or other data. The number data D3212 
represent a specific classification regarding where the data D322 following thereto are ranked, 
among the foregoing types of data. 

[00171] For example, in Figure 23{g)23C. "B" as the type data D3211 indicates that data are 
image data, and "000" as the number data D3212 indicates that the data are image data upon 
processing a product A. In Figure 2S(d)23D. the data are also image data, and "001" as the 
number data D3212 indicates that the data are image data upon processing a product B. 

[00172] In Figure 23 ( e ) 23E , "S" as the type data D3211 indicates that the data are system 
setting data for the display devices 322a. 322B, and 322v 3ha, 3hp. and 3hY , and "1 00" as the 
number data D3212 indicates that the data are data for conversion between the dedicated 
protocols a, p, and y and the common protocol 6. In Figure 23(f) 23F, the data are also system 
setting data, and "201" as the number data D3212 indicates that the data are a data providing 
time table that specifies timings of data transmission from the display devices 322a. 322B. and 
322v 3ha, 3hp. and 3hY to the host computer 7g. In Figure 23(§) 23G. the data afe-is.also 
system setting data, and "202" as the number data D3212 indicates that the data afe-is_a status 
fomriat such as a bit length, presence/absence of codes, etc. upon data transmission from the 
display devices 322a. 322B. and 322v 3ha, 3hp, and 3hY to the host computer 7§227. 

[00173] Incidentally, such classification as above of data may b eis perfonned along with the 
classification according to the foregoing command data D31 , or alternatively, either of them may 
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be performed. 

[00174] The foregoing operation for downloading preset data can be carried out in a manner 
similar to that shown in Figure 21 . by transmitting preset-data-transmission start data at the step 
operation s3 and transmitting preset-datatransmission end data at the step s7 from the host side 
in Figure 21. 

[00175] Thus, not only the foregoing image data, but also a relatively large amount of preset 
data produced on the host computer 7q -227 side with use of various application programs upon 
a change of a product produced or a drastic change in processing data can be downloaded to 
the display devices 322a. 322B. and 322v 3ha, 3hp, and Shy and/or the PLCs 22a. 22B, and 
22v 2ca, 2cp, and 2cy . In the downloading of data to the PLCs 22a. 22B. and 22v 2ca, 2cp, and 
2&f particularly, complex works such as connection of a personal computer become 
unnecessary, and the workability can be extremely improved, while a time while a line is 
stopped can be shortened. 

[00176] Furthermore, since the preset data for each of the PLCs 22a. 22B. and 22v 2ca, 2c(3, 
and 2cy can be produced according to the common protocol 6, steps required for producing 
data can be remarkably simplified. Furthermore, in the case where many PLCs are connected to 
the common communication line 6 in large-scale manufacturing lines or the like, traffic increases 
and loads on communication also increase. Therefore, if the PLCs are directly connected to the 
network circuit 503 as conventionally, the foregoing downloading operation is difficult to be 
carried out. Conversely, it can be carried out without troubles by providing display devices with 
high data communication applicability as in the present invention. 

[00177] Incidentally, in the foregoing descriptions, the case where protocol infomriatlon is 
downloaded from the host computer e.g., (7c71» ^ 227, data processing device 7) is explained, 
but i n st e ad instead of, or in addition to, the downloading of protocol information from the host 
computer, m e ans for reading/writing oLdata with respect to a memory card may be provided so 
that infomnation may be downloaded from the memory card, or information may be downloaded 
from a loader at appropriate timings such as production of a display screen, or alternatively a 
plurality of kinds of communication protocols may be prepared in a ROM beforehand so that a 
necessary communication protocol may be selected. However, since new dedicated protocols 
are often developed i n not a f e w cas e s , a display device is pr e f e rab l y provided so that protocol 
in information can b e is downloaded thereto from outside. Incidentally, in the case where a 
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protocx)! dedicated for a control unit connected to a display device is invariable, it may be fixed 
in a ROM beforehand. 



[00178] Furthermore, in the foregoing embodiment, the display devices (3, 3a through 3h) and 
the host computer are connected mutually via the generally used communication protocol, but 
alternatively a dedicated communication protocol that is common to all the display devices but is 
specialized only for these display devices is applicable. Furthermore, each display device may 
be equipped with data input/output means like a video camera in addition to a PLC (2c, contro l 
un i t 2) , so that various kinds of data such as video data can be transmitted via the display 
devices and the common communication line-(§). 

[00179] Furthermore, it is possible to arrange that a plurality of PLCs are connectable with the 
dedicated communication line (4) and data transmission is carried out with one display device 
involved. Furthermore, shown as an example is a case where a type of a PLC (2o. contro l un i t 
2) to access is specified and reading/writing of data is earned out with a specific address 
designated for the PLC. but alternatively the following an-angement may be taken: as to address 
also, address display common for all the PLCs is set beforehand, and address display 
expressed in a manner dedicated for each PLC and a conversion table is prepared. In the latter 
case, it is possible to make a program without a type of PLC to access taken into consideration, 
whereby the applicability of the program is improved. 

[00180] Incidentally, in the foregoing e mbodim e nts , aspects . a control system including a 
display device and a control unit is taken as an example in explanation, but the present 
invention is not limited to this arrangement. The Aspects of the present invention is- are w idelv 
applicable to a system including first data processing means (contro l un i t 2) e.g.. control unit 
having its own dedicated communication protocol, second data processing means (d i sp l ay 
d e v i c e 5, data proc e ssing d e v i c e 7) e.g.. display device, data processing device having a 
common communication protocol such as a personal-computer-applied device, and data 
processing means (disp l ay d e vic e 3) e.g.. display device provided between the foregoing two, 
making mutual transfer of data possible. 

[00181] The invention being thus described, it will be obvious that the same may be varied in 
many ways. Such variations are not to be regarded as a departure from the spirit and scope of 
the invention, and all such modifications as would be obvious to one skilled in the art are 
intended to be included within the scope of the following claims. 
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Industrial Applicability 



[00182] As described above, in a control system in accordance with the present invention, a 
display device, which has conv e ntional l y b ee n us e d e xc l us i v el y for d i splay of a control stat e , is 
applied as center of data communication. This allows a control unit (2, PLC 2c) that has had 
conventionally been also used in data communication as w e ll i s now to be used exclusively for 
i ts own purpos e cdntroL that is. I/O control, thereby reducing loads on the control unit. 
Furthermore, the display device side or the host computer side connected with the display 
device need not consider innumerable communication, protocols of the control units. This 
ensures a decrease in the number of st e ps of operations software necessary for development, 
management, and maintenance of a control system. 

[00183] Furthermore, according to a data transmission method in accordance with an aspect 
gf_the present invention, data are is_transmitted to a first data processing device (2, 2c) like a 
PLC according to a communication protocol (dedicated protocol) dependent on the first data 
processing device as conventionally, while data am is_transmitted to a second data processing 
device (Sr^ other than the foregoing devices according to a common communication protocol 
that is common to all the second data processing devices. Furthermore, a communication 
code (program) dedicated for each device is not provided, but rather a conversion table is 
provided for each device, so that data to be transmitted to the first data processing device are 
produced at real time by using the conversion table during an operation of the system. This 
ensures a decrease in the number of steps of software like the foregoing control system, while it 
also ensures immediate response to a change of the first data processing device without 
stopping the system. 

[00184] Furthermore, a dedicated protocol is determined in the following manner: before data 
transmission with the first data processing device (2, 2c) according to a dedicated protocol, 
predetermined data afe is sent and the dedicated protocol is detemriined based on a response 
to the foregoing predetermined data from the first data processing device. This ensures 
reduction of time and labor in setting, as compared with the case where the user determines the 
dedicated protocol, thereby enabling prevention of errors in the setting. 
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ANNOTATED SHEET 
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